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The electrical conductivity of quasi-one-dimensional orthorhombic TaS, crystals is investigated
inthe 350 to 4 K temperature range and in electric fields up to 500 V/cm. It is found experimental-
ly that at T'< 100 K a considerable growth occurs of the threshold field E, for motion of the
charge density wave. Simultaneously, a new nonlinearity section appears on the current-voltage
curve with a critical field E . < E, whose magnitude decreases with decrease of the temperature.
At temperatures below 20 K the temperature dependence of the electrical conductivity obeys a
o{T)~exp[ — (To/T)"/?] law and the frequency dependence a o(w)~w* law, where s~0.8. At
T=5 K the dielectric constant reaches 10°. An analysis of the data and also of the shape of the
current-voltage curve at T < 20 K shows that the most probable mechanism responsible for the
dependence observed is a soliton conduction mechanism in the crystal with a certain degree of

disorder and pinning of the charge-density wave.
PACS numbers: 72.80.Ga, 72.30. + q

Tantalum trisulfate TaS, is one of the most interesting
quasi-one-dimensional compounds, in which a bound struc-
tural-electronic (Peierls) transition,'~> motion of a charge
density wave (CDW),*® and narrow-band generation of
high-frequency current’ are observed. Its characteristic fea-
tures are a high degree of one-dimensionality of the struc-
ture, commensurability of the superlattice with the initial
lattice with multiplicity equal to four along the c axis (Refs. 2
and 3), stability to the action of the atmospheric and to ther-
mal cycling, and also a sufficiently high phase-transition
temperature (T, ~210 K). TaS, is a convenient material for
the investigation of the physical laws that are common to all
quasi-one-dimensional compounds.

Much, however, remains unclear even in the basic prop-
erties that determine the quasi-one-dimensional nature of
the Ta$S, properties. One of the important problems is clarifi-
cation of the mechanisms of the electric conductivity of TaS,
at low temperatures, and in particular the contribution made
to it by the nonlinear excitation of CDW solitons, the influ-
ence of the disorder of the real crystals, and the presence in
them of impurities and defects. In the present paper we in-
vestigate in detail the electric conductivity of crystalline
TaS, samples with orthrhombic structure in wide intervals
of the temperature (350—4 K) and of the electric field (up to
500 V/cm).

PRODUCTION OF SAMPLES AND EXPERIMENTAL
TECHNIQUE

Tantalum trisulfate in the form of whisker crystals of
black color with characteristic metallic luster was obtained
from the elements by heating powdered tantalum in sulfur
vapor. Prior to preparation of the samples, the initial compo-
nents, namely tantalum (Nb content <5-1072%,
C <7-10~29%, remaining impurities < 1073%) and sulfur
(“specially pure” grade) were thoroughly outgassed by heat-
ing in vacuum and loaded in reaction ampoules made of
thick-walled quartz glass. The ampoules were sealed off with
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continuous evacuation to P < 10~ Torr. To prevent loss of
sulfur in the course of the sealing, the ampoules with the
reaction mixture were cooled to — 70°C. All work on the
preparation of the reaction mixtures and loading the am-
poules was carried out in a dry-argon box.

The ampoules with the mixture were heated for 7-15
days at 800°C and then cooled to room temperature at a rate
of 10° per hour. Typical dimensions of the whisker crystals
obtained in this manner were the following: thickness from
several hundred angstrom to 20 um, length—5 to 10 mm.
The chemical composition of the TaS, samples was con-
firmed by microprobe x-ray-emission analysis. We obtained
TaS; of both monoclinic and orthorhombic modification.
We report here results pertaining only to samples with or-
thorhombic structure. The unit-cell parameters of this struc-
ture were determined by electron-diffraction methods and
were in good agreement with published data.?>

The sample investigated was mounted on a substrate of
crystalline quartz coated beforehand with gold or indium
electrodes, the distance between which was ~1 mm. The
samples were connected to the electrodes either with silver
paste or by cold soldering with indium. The resistance of the
contacts obtained with the silver pastes at our disposal had a
tendency to increase continuously after repeated thermal cy-
cling. Contact obtained by cold soldering with indium were
more stable. The contact resistance at room temperature,
determined from a comparison of the measurements of the
resistance of a sample by the two- and four-probe methods,
did not exceed 0.1 £2. Such contacts had good mechanical
strength and reproducibility in repeated thermal cycling
from room temperature to 4.2 K.

The measurement in the temperature interval 3504 K
were carried out in the cryostat in which the sample was in a
hermetically sealed chamber filled with helium gas at low
pressure. To maintain the temperature constant we used an
automatic electronic system with a semiconductor diode as
the heat sensor. The accuracy with which the temperature
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was maintained was + 5-10~2 K over 30 minutes. The tem-
perature was measured with a germanium thermometer.

Measurements of the electric conductivity in direct cur-
rent were made with the aid of an electrometer with input
reesistance higher than 10'* {2, with precautions made to
protect against vibration and leakage in the electric system
and the cryostat. The total leakage resistance was not less
than 10" £2). In strong electric fields (E > 100 V/cm) and at
high temperature (T'> 40 K) the self-heating of the samples
was prevented by performing the measurements by a pulse
method with a two-channel pulsed synchronous storage
unit. The pulse duration was 1 usec and the pulse repetition
frequency ~ 10° Hz. The use of this method makes it possi-
ble to reach fields 300 V/cm and 500 V/cm at nitrogen and
helium temperature, respectively.

EXPERIMENTAL RESULTS

We measured the thermal conductivity and current-
voltage characteristics (CVC) of 20 TaS, samples with ortho-
rhombic structure in a wide temperature interval (3504 K)
and of electric fields (10~2-5-10> V/cm). In addition, at low
temperatures (4 < T <40 K) we investigated the dependence
of the electric conductivity on the frequency in the range 3-
10° Hz. Some of the results of these investigations were pre-
sented in our earlier papers.>®

Figures 1 and 2 show the temperature dependence of
the electric conductivity o, normalized to its room-tempera-
ture value o,, in a weak electric field [on the linear sections
of the CVC) for several typical TaS, samples. For compari-
son, Fig. 1 shows also the results* of measurement of o(T") of
orthorhombic samples up to 80 K. The good agreement of
these plots, and also the results of electron-diffraction inves-
tigations (see above), show that samples obtained by us had
an orthorhombic structure. In particular, the dependence of
the derivative d (logo)/d (1/T) (Fig. 1) has in the range 300-
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FIG. 1. Temperature dependence of the electric conductivity o normal-

ized toits value o, at room temperature to TaS, (O—sample No. 19). Solid
line—plot of o{T')/a, from Ref. 1. Inset—o{T')/o, dependenceat T'> T
(@—sample No. 18).
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100 K only one minimum at 210 K. This temperature,
T, = 210K, will be taken by us to be the temperature of the
Peierls transition.

The temperature dependence of o{T' ) in the range 3504
K (Figs. 1 and 2) can be divided into four characteristic re-
gions: 1—7'>T,; 2—T, >T>100 K; 3—100>T>20 K;
4—20 > T'> 4 K (the values of the end-point temperature are
approximate). When the temperature is lowered from 350 to
230K, o first increases slowly and nonlinearly with T (inset
of Fig. 1), reaches a maximum at 7=290 K, and then de-
creases smoothly down to 7= 230 K. The CVC of samples in
this temperature region are linear within the limits of the
errors of our experiment. With further lowering of the tem-
perature one observes a rather abrupt decrease of o with a
maximum negative derivative at T, =210 K.

In the 200-100 K region one observes on the log (o/
o..) =f(1/T)asection close to linear, corresponding to acti-
vated conductivity with energy A ~800 K = 70 meV. The
value of A varies somewhat from sample to sample, from 775
to 850 K. Its smaller values are close to the results of Ref. 5.
In some samples we measured also the transverse electric
conductivity o, . The ratio 0} /o, exceeded 100 and changed
little in the region 200-100 K.* It must be noted, however,
that at TR T, a distinct maximum was observed on the tem-
perature dependence of o /o, just as in Ref. 9.

The dependence of the electric conductivity on the elec-
tric field in the temperature range 160—4 K is shown in Fig.
3. In the temperature region 160-60 K the o(E ) dependences
have a qualitatively similar form: o is independent of E up to
a certain critical (threshold) field E_, to which corresponds a
linear (ohmic) section of the CVC. The nonlinearity of the
CVC appears only at E> E_, and it corresponds to an in-
crease of the electric conductivity of the sample. The transi-
tion to nonlinear conductivity takes place quite smoothly,
and on our curves there is no abrupt break at E~E. . In the
region T'> 70 K, the critical field E, was defined by us as the
field at which the deviation of the CVC from linearity is
double the experimental error. It must be noted that the val-
ue of E, and the abruptness of the transition vary from sam-
ple to sample: in samples with smaller values of E, the
change to an increase of o was more abrupt. On the curves
obtained for TaS; in Ref. 5, the kink on o(E ) was abrupt, and
the value of E, there was also smaller (2.2 V/cm). In the case
of NbSe;, there is also observed a connection between E, and
the abruptness of the transition, on the one hand, and the
number of impurities and defects and the homogeneity of the
distribution, on the other.'® With decreasing temperature of
our samples, the regions of the transition to the nonlinear
conductivity became smeared out on the o(E ) plot, just as in
Ref. 7.

From our data (Fig. 3) it follows that the critical field E.
changes substantially with temperature. Figure 4 shows the
E,(T') dependence obtained by us for three samples of TaS;.
With decreasing temperature, the value of E, first decreases
slowly. Starting with 7= 130 K, a faster decrease of E. is
observed, down to a minimum at 7~ 100 K.

The next temperature region is 100-20 K (Fig. 2). Its
characteristic features are the following: a rather abrupt
kink on the o(T') plot, taking place in a narrow temperature
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FIG. 2. Temperature dependence of the electric conductivity
o/, in the interval 3504 K. Inset—value of 0, /o, at tem-
peratures below 20 K. The solid line corresponds to

oxexp[ — (To/T)"?] (Ref. 15). Samples: No. 14-O, No. 15-
/\, No. 19-@. A-relative transverse electric conductivity.
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interval; the absence of linearity on the plot of log(o/
0,) =f(1/T), namely, an inflection is observed for our sam-
ples in the range 40-50 K. If we compare the o(T) depen-
dence obtained for our samples with the data of Ref. 4, they
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FIG. 3. Electric conductivity of TaS, vs the electric field at various tem-
peratures marked next to the curves. E, and E | are the critical fields
(sample No. 19).
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are in good agreement in the region up to 100 K (Fig. 1) and
differ in the region 100-20 K (20 K is the lowest temperature
measured in Ref. 4). No inflection is observed in Ref. 4 at
T=40-50 K. Following the inflection and down to 20 K, o
decreases by two orders of magnitude with an activation en-
ergy ~230 K approximately 3.5 times smaller than in the
region 200-100 K. The transverse conductivity o, (T') con-
tinues to decrease at T < 100 K, with an activation energy
close to its value in the 200-100 K region, where it is the
same for o and o, .* The difference between the activation
energies of o and o, , which appears at T < 100 K, leads to
an increase in the anisotropy of the crystal: compared with
the 200-100 K region, the ratio 0 /o, increases by 100 times
at T =40 K, i.e., the crystal becomes much more one-di-
mensional.

As a result of the detailed investigation of the o(E ) de-
pendence in the temperature region 10040 K, we observed
singularities which are typical of all the investigated samples
(Figs. 3 and 4). Starting approximately with 100 K, the criti-
calfield E, increases (Fig. 4). At the same time, a new section
with increasing electric conductivity appears on the o(E)
plot, and precedes the section of the strong nonlinearity at
EXE, (Fig. 3, curves T = 55.2,47.9, and 42 K). This second
nonlinearity begins at EX E ! €E_; it is characterized by a
slower growth of ¢ than at E > E. . The value of the second
critical field E [ that exists in the region 60> T>4 K was
determined by us from the deviation from linearity on the
CVC (see above). In the temperature interval 60—40 K,
where two nonlinearity sections are observed simultaneous-
ly, the field E. increases abruptly and reaches the maximum
accessible in our measurements, namely 380 V/cm. In this
narrow temperature interval the value of E, was determined
from the point of transition from a weak to a strong nonlin-
earity on the field dependence of the nonlinear form of the
conductivity, plotted in a doubly logarithmic scale. With
decreasing temperature, the field E /, in contrast to E., de-
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FIG. 4. Temperature dependence of the critical fields E, and E | for TaS,.
Inset-E /(T') dependence at low temperatures. E, for the samples: H-No.
16, A-No. 17, ®-No. 19, E ;-0, A\, O for the same samples, respectively.

creases rapidly.

As can be seen from Figs. 1 and 2, the temperature de-
pendence of the relative conductivity o(T )o, for different
samples are qualitatively similar in the entire investigated
temperature range 350—4 K. In the interval 350-100 K they
differ very little also quantitatively. With decreasing tem-
perature, the plots of o(7T")/o, begin to diverge, becoming
considerably different at 7' <20 K. But we emphasize once
more that their qualitative form is the same also at 4 < T'< 20
K. At the start of the fourth temperature region (204 K) the
slope of the o(T") plot decreases smoothly (Fig. 2). In the tran-
sition region TS 20 K the electric conductivity o(T") can be
represented as a sum of two components: activated o, (7T)
with activation energy ~230 K, which continues from the
region T>20 K, and a component o, (T') with a different
temperature dependence. Subtracting from the total o(T") the
valueofo, (T'), weobtain thed, (T) dependence. We note that
the contribution o, (T') to the total conductivity o(T) de-
creases rapidly with decreasing temperature, and already at
T=17 K it does not exceed 10% of o(T) (Fig. 2). We have
observed that the 0, (T') dependence turns out to be close to
the low log [0, (T')/0,] <[ — (T,/T)"?] (inset on Fig. 2; the
exponents 1/4 and 1 give larger deviations from linearity),
i.e., close to a law of the Mott type for hopping conduction
o, with variable length of the hop for the case of a quasi-one-
dimensional conductor.'"'? In the region 204 K this law is
valid for all the samples measured by us. With decreasing
relative o, the value of T, increases from 370 to 470 K.
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The dependences of the electric conductivity on the
electric field obtained by us in the temperature region (42—4
K) are shown in the lower part of Fig. 3. Characteristic fea-
tures of these dependences are the following: constancy of o
in the weak-field region E < E  (linear sections on the CVC);
rapid growth of the electric conductivity (by several decades)
at E> E (strong nonlinearity of the CVC); the mutual ap-
proach of the o(E ) dependences in the region of strong elec-
tric fields (£ > 100 V/cm), i.e., the weak dependence on the
temperature in these fields; the growth of the amplitude of
the nonlinearity and the decrease of the value of E ! with
decreasing temperature. These o(E ) dependences are qual-
itatively similar to the corresponding dependences of hop-
ping conductivity with variable hop length, calculated in
Refs. 13 and 14. It should be noted that for samples with a
larger relative conductivity, at T < 20 K, the relation log (0/
o,)cf(logE) at E> E was closer to linear, the growth of
o(E) in the field interval up to =500 V/cm was smaller by a
decade, and E | was larger.

We have measured the electric conductivity of TaS,
samples with small values of o(T")/o0, with alternating cur-
rent in the low-frequency region from 3 to 10° Hz (Fig. 5). At
T =4.28 K, o(w) follows the o ~w® law, similar to the law
for the frequency dependence of the hopping conductivity
with variable length of the hop in disordered structures.!®
The value of s in our case is 0.83, i.e., it agrees well with the
theoretically calculated value 0.8 for hopping conductiv-
ity.” With increasing temperature, the dispersion of o(w)
decreases, this being due apparently to the decrease of the
contribution of this type of conductivity (of the hopping
type) to the total conductivity of the crystal. From measure-
ments of the phase shift of the signal we determined also the
dielectric constant in the investigated temperature and fre-
quency regions. It turned out to be unusually large: £ = 10°
at T=4.38 K and w/27 = 10*> Hz. We note that the large
value of ¢ is typical of many quasi-one-dimensional conduc-
tors.'® These measurements were madein a field E < E !, but
special experiments have shown that at E > E | the value of ¢
on the nonlinear part of the CVC does not change within the
limits of our experimental error.
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FIG. 5. Electric conductivity of TaS; in alternating currents vs its fre-
quency at various temperatures marked next to the curves.
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DISCUSSION OF RESULTS

On the basis of the foregoing, as well as of the data
published earlier,'® one can picture, with different degrees
of certainty, the basic stages of the changes that occur in the
quasi-one-dimensional conductor TaS; with decreasing tem-
perature. At temperatures higher than the one at which the
maximum of ¢ is reached (T, = 290 K) the electric con-
ductivity increases nonlinearly with decreasing T (inset of
Fig. 1). Here TaS, behaves as a metal with a short mean free
path and accordingly low mobility ~1 cm?/V-sec.'” This
character of the o(T) dependence is apparently connected
with the phenomenon of partial localization, due to strong
scattering, the main contribution to which is made by the
large number of disordered impurities and defects. In the
region T,,, > T> Tp, the increase of o gives way to a de-
crease, the main cause of which are apparently the fluctu-
ations of the order parameter, which set in already at T~=300
K> Tp (Ref. 3). The appearance of these fluctuations can
lead both to an increase of the carrier scattering and to a
decrease in their number because of the onset of a Peierls gap
as a result of fluctuations.

The next abrupt decrease of the electric conductivity at
T 210 K followed by assumption of o(T') of an activation
character with A ~800 K is due to a bound electron-struc-
ture transition (Peierls transition), corresponding to the ap-
pearance of a superstructure in the initial TaS; lattice with
formation of a charge-density wave' ~> and gap 24 in the
energy spectrum of the electrons.** It must be noted that in
the transition region the ratio o /o, has a rather abrupt
maximum (see also Ref. 9). This feature is apparently con-
nected with the softening of the phonon mode which takes
place in the transition region.'®

In the temperature region 200-100 K the longitudinal
dependence in a weak field is ensured principally by free
electrons (the thermal-activation energy is ~ 800 K) and has
an ohmic character (Fig. 3). The free electrons determine
also the transverse conductivity o, . Therefore, the ratio o /
o, in this temperature interval changes little. The CDW in
weak fields is immobile because of pinning by the impurities
or by the initial lattice.*> When a certain critical value of the
field E, is exceeded, the CDW begins to move and contribute
to the current,*>!° and a strong nonlinearity appears on the
CVC, corresponding to a growth of o (Fig. 3). There exists a
definite correlation in the change of the described properties
from sample to sample. For samples which can be regarded
as “pure” compared with the others, the following attributes
are typical: a) a larger abruptness of the phase transition on
o(T) at T=T,; b) a lower activation energy in the region
200-100 K; c) a more abrupt transition on the o(E') depen-
dence atE 2 E, ; d) a lower value of the critical field £, ; ¢) a
larger value of the relative electric conductivity in the tem-
perature region below 20 K (Fig. 2). Analysis of these data
allows us to conclude that our samples contain an apprecia-
ble amount of impurities and defects, which influence sub-
stantially the sample properties. A similar situation appar-
ently takes place also in another quasi-one-dimensional
material, Qn(TCNQ), where the smearing of the phase tran-
sition is also attributed to an increase in the impurity den-
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sity.2° These data show that in our samples the pinning of the
CDW is determined to a considerable degree by impurities
and defects. The long-range order of the CDW is then up-
set,2! the value and the scatter of the pinning fields of the
different segments of the CDW increases, and it is this which
yields the observed experimental picture.

Asseen from Fig. 4, the value of E, changes substantial-
ly with temperature. At 7S 130 K there is observed a de-
crease of the critical field, a minimum of E, is reached at
T~ 100, followed by a steep increase of E. up to value 380
V/cm determined by the capabilities of our measurements.
This behavior is most likely due to the incommensurability—
commensurability transition observed with the aid of elec-
tron-diffraction investigations at =130 K (Ref. 22).

In the region T~ 100 K, when a rapid increase of E,. sets
in, the function o(T') becomes more gently sloping (Fig. 2). In
the temperature interval 40-50 K it acquires a small bend
and next, down to 20 K, a nearly activated region with ener-
gy ~230 K. The transverse conductivity o, at 7<100 K
decrease with a considerably larger activation energy (Fig.
2). Correlating with these changes of o{T") are also the new
peculiarities that appear on the o(E ) plot (Fig. 3). With con-
tinuing increase of E_, the o(E ) plot reveals gradually a non-
linear contribution from some process with a critical field
E ! <E, (Fig. 3, curves at T = 55.2, 47.9, and 42 K).

Several explanations can be offered for these results and
those following. First, at 7= 100 K there can occur a new
structural transition with restructuring of the electron spec-
trum and with appearance of a new activation energy (200 K
and a new CDW system). The previously published x-ray
structural analysis data? do not provide direct proof of the
presence of such a transition. On the other hand, the already
mentioned recent results of a careful electron-diffractin in-
vestigation®? offer evidence of a certain change that takes
place at T~ 130 K in the structure of orthorhombic TaS;, of
the incommensurability—-commensurability type, although
apprently not radical enough to explain the observed change
in the activation energy by a factor 3—4, which occurs at
T~100 K (Fig. 2). Nonetheless, one cannot exclude fully a
connection between the transition of Ref. 22 and the changes
in the o(T') and o(E ) dependences observed by us at lower
temperatures.

Second, one could assume that the o(T') plot at 7' < 100
K begins to be influenced by the contribution of some impu-
rity states of semiconducting type with activation energy
lower than 800 K, i.e., with energy levels in the forbidden
band. In this case, however, such an activation energy
should be possessed also by the transverse conductivity o,
i.e., these impurities should supply electrons also for this
conductivity. In experiment, as already mensioned, one ob-
serves a decrease of o, with an activation energy close to the
earlier one (to "> 100 K) and a stronger increase of the an-
isotropy, i.e., the contribution of the free electrons becomes
very small.

We believe that the relations observed by us can most
probably be explained on the basis of the assumption of gra-
dual appearance, at T < 100 K, of a new soliton conduction
mechanism.***-2% In electric field E<E,., the CDW is

Zhilinskir et al. 215



pinned and makes no contribution to the electric conductiv-
ity. There can exist in it, however, two types of excitations—
amplitude and phase solitons. The amplitude solitons in the
case of TaS; (n = 4) should be neutral,?® and they apparently
cannot ensure its electric conductivity. The most probable
are topological solitons with charge 2e, corresponding to a
local change of the phase of the CDW by 27 (Refs. 24, 25),
which does not lead to a substantial increase of excitation
energy, despite the presence of interaction between the fila-
ments. The activation energy 4., of such solitons, is lower
than the activation energy of the amplitude solitons and is of
the order to T, under the conditions T, <A4. In our case
Tp =210 K and 4, =230 K, i.e., the agreement is good
enough. In a weak electric field, the solitons make an ohmic
contribution to the electric conductivity,?® and in a stronger
field the contribution becomes nonlinear. Topological soli-
tons are pinned by impurities and defects. However, the pin-
ning field for them is weaker than for CDW, and this also
agrees with experiment. The reason for this is that the CDW
moves in correlated manner simultaneously on several fila-
ments of the crystal, and a defect on even one filament does
not interfere with the motion of the soliton on the other. At
the same time, the solitons cannot go over from filament to
filament, and this explains the increase of the anisotropy at
T < 100K. The inflection of o(T") at T'=40 K can be connect-
ed with the dependence of the soliton mobility on the tem-
perature.

With decreasing temperature, the number of solitons
decreases and the degree of their localization increases. This
leads to a considerable decrease of the conductivity due to
their activated motion. As a result, at 720 one observes a
transition to a new region with a more gently sloping nonlin-
ear dependence of o{T'). Features of this region are the fol-
lowing: 1) the temperature dependence of o(T) follows the
law o < exp[ — (To/T)"/?)}, i.e.,alaw of the hopping-conduc-
tion type with variable length of the hop for the quasi-one-
dimensional case'""'?; 2) strong nonlinearily of the CVC sets
in at small critical values of the fields £}, whose strength
decreases with decreasing temperature; 3) the frequency de-
pendence (Fig. 5) follows the law o ~w°, where s=0.8. The
value of £ reaches large values, 10°-107, and does not change
at E> E .. Wenote that if the nonlinear part of the CVC were
connected with the CDW motion, then £ should decrease in
the case of a moving charge-density wave.”” The value of
o{T) in this temperature region depends substantially on the
impurity density in the samples (Fig. 2). In our opinion, the
higher the relative o, the fewer impurities in the samples. In
our case the impurities do not supply electrons as in semi-
conductors, and serve only for pinning and scattering, just as
in metals. This result correlates with the abruptness of the
transition of o(T") at T= T, and of o(E ) at E<E_, and also
with the relatively lower value of E, in “pure” samples. All
these dependences observable by us are attributes of the
presence, in a system with a certain degree of disorder, of
hopping-type conduction with a variable length of the
hops. '8

From our results one cannot draw at present any final
unambiguous conclusions concerning the electric conduc-
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tion mechanism in the quasi-one-dimensional conductor
TaS; in the entire temperature range 3504 K. The least
understandable is apparently the temperature region 10040
K. Nonetheless it is clear even now that at T < T, the electric
conductivity of TaS, cannot be explained on the basis of only
single-electron mechanisms and is determined to a consider-
able degree by the motion of collectivized electrons: the
charge density wave and its nonlinear excitations—solitons.
In the crystals obtained by us, a very important role is played
by the impurities and defects: they serve as centers for pin-
ning both the CDW and the solitons, and determine the val-
ue of the electric conductivity at temperature lower than 20
K. It can be assumed that at these temperatures the electric
conduction is by the solitons, which move jumpwise from
one pinning center to another with the CDW immobile, and
is qualitatively similar to the hopping conduction between
disordered centers.'® The presence of an immobile but polar-
izable CDW manifests itself in the tremendous value of the
dielectric constant.
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