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Resistivity (p) and thermopowe(S) of spinel-type compounds CyB, and CulpSe, have been measured
at temperatures from 2 to 900 K under magnetic field from 0 to 15 T. The thermopower is positive in the
metallic phase of both compounds at high temperatures, as well as in the low-temperature insulating state of
Culr,S,. The positive thermopower of the insulating phase imptiggpe charge carriers, in agreement with
the recent photoemission results. The low-temperature resistivity ofuils in good agreement with the
Efros-Shklovskii variable-range hopping conductivity mechanisrmpoexd (T*/T)*?]. The most striking re-
sult is that the resistivity of the metallic phases is well described by an exponential-type temperature depen-
dence in a wide temperature range from 2 K to at least 900 K. This unusual result for metals type of the
resistivity temperature dependence, as well as other features in the transport properties, imply a nonconven-
tional conductivity mechanism. The magnetoresistivity is positive and proportional tel?, while magne-
tothermopower\ S=S(H,T) — S(0,T) is very small for both compounds at all temperatures.

I. INTRODUCTION insulating phase. It is clear from the literature data,
however-® that in the insulating phase of Cu8, the con-
Spinel-type compound Cuyl$, is known for the metal- ductivity does not show a simple ac'givation variation with
insulator transition(MIT) which it displays aff~230 K.12  temperature, and therefore the meaning of the extracted pa-
The MIT in Culr,S, is associated with a structural transition f@Meters is questionable. The goal of this study is the inves-
from the high-temperature cubic symmetry to the low-tigation of thermopower and resistivity of Cu$, and
temperature tetragonal symmetry. The isostructgeabig ~ CUlT2S& in an extended temperature range as an attempt to
compound CulsSe, remains metallic at ambient pressure atclarify the conductivity mechanism in the metallic phase of
temperatures down to 0.5 KHowever, the MIT can be in- Poth compounds, and in the insulating phase of £&lr -
duced in CulsSe, by the application of pressure of about 4 We have measured two transport coefficients, which provide
GPa* Despite rather extensive studiebthe precise driving COmplimentary information about transport mechanism: re-
force of the transition in CujS, remains unknown. Recent SiStVity is primarily dependent on the magnitude of conduc-
photoemission resultssuggest that the metallic phase of toN electron mobility, whereas thermopower is dependent on
Culr,S, and the isostructural compound CiBe, have un- the energy derivative of the mobility. The measurements
usual features in their electronic structure, which may hav&/eré made in a broad temperature range from 2 to 900 K,
an important impact on the electronic transport. Additionally, With temperature varying by more than two orders of

the instability of the metallic phase due to the closeness of'@dnitude. Temperature-induced scattering gives the main

both these compounds to the MIT may result in a nontrivialcontribution to the transport properties in this temperature
transport property behaviérNevertheless, no attempt has @9 This is cardinal when one wants to extract information
been made to appreciate whether the transport properties ffPM the temperature-dependent transport properties con-
the metallic state of the compounds can be described withiff€™Ming the underlying physical mechanism. In the previous
the framework of a conventional metallic conductivity Nvestigations it was found that despite the fact that both
mechanism, or they have some unusual features. The onfPmPounds are nonmagnetic, the magnetic susceptibility
transport property, which has been investigated for thes&NOWs @ Curie-like variation at low temperatures, presum-
compounds, is the resistivityrecently thermopower and aPly due to magnetic impuriti€sTo examine whether there

thermal conductivity of CukS, and CulgSe, were mea- is an effect of residual magnetic impurities on the transport

sured at 10 to 300 K put the results have not been publishedProPerties, both resistivity and thermopower below room
yet). The resistivity of CulsS, has been measured from temperature were measured in magnetic fields of 0 to 15

about 20 K to room temperatuteyhereas the resistivity of €S/
Culr,Se, is known from room temperature down to 0.5°K.

No data have been available above room temperature. The
resistivity was used as the tool to detect the insulating phase The transport property measurements were made with
and to determine the activation energy, or band gap, in theolycrystalline sintered samples. The sample preparation

Il. EXPERIMENTAL PROCEDURES
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procedures were described elsewhera. four-probe dc
method was used for the electrical resistivity measurements;
for the thermopower measurements a differential method
was utilized. At low temperaturefrom 2 to 300 K the
thermopower was measured using a setup with a modulation
of temperature gradief?. Both resistivity and thermopower

in this temperature range were measured in magnetic fields
from O T to 15 Twith the magnetic field directed along the
current, or the temperature gradient direction, respectively.
At high temperaturegfrom 100 to 900 K the resistivity and
thermopower were measured simultaneously. The estimated
error in the determination of absolute value of the electrical
resistivity is =1%. The thermopower was measured with an
accuracy of+ (0.5 uV K1+ 3%).

IIl. EXPERIMENTAL RESULTS AND DISCUSSION
A. Resistivity

The resistivity of CulsSe, and of CulgS, at temperatures
from 2 K up to 900 K is shown in Fig. 1. Two characteristic
features of the resistivity are obvious from the experimental
data. First, the resistivity of both compounds at high tem-
peratures shows a pronounced saturation tendency. And, sec-
ond, the magnitude gé considerably exceeds 0.2(ilncm,
which value is commonly accepted as an approximate limit
for the metallic conductivity? In the high-temperature limit,
T>0p (Op is the Debye temperaturetheory predicts that

p (M cm)

p (mQ cm)
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resistivity of a metal linearly increases with the temperature.
But the experimental resistivity of most of the metals dis- FIG. 1. Temperature dependence of the resistivity of {3ey
plays at high temperatures essential deviations from the lint+) and of CulsS, (O on cooling and® on heating in zero
ear dependency, following from theolr§/.13 Particularly, the magnetic field. The upper panel shows the r(_esi_st_ivity in Iogarithmi_c
saturation of resistivity at high temperatures is not uncom-s_cale’ whereas in the lower panel the resistivity is presented in
mon for high-resistivity metals, such as transition metals andnear scale.
compounds. Therefore, the saturation in itself cannot be con-
sidered as an unusual feature of a metallic resistivity temeverall temperature dependence, which is rather different
perature dependendyet, there is no universal explanation from the conventional power law. In Fig. 2 the logarithmic
of the saturation A reason for the large magnitude of the temperature derivative of the resistivity] 1/(p—po)]
resistivity can be in part a lowéthan the theoreticablensity ~ X(dp/dT), is plotted as a function of temperature in double
of the sintered sampléthe density of our samples was about logarithmic scale. For a power dependence of resistivity on
75% of the theoretical densjtyBut, only the lower density temperaturep=aT™"+ pq, the logarithm of the derivative is
of the samples cannot account for the large magnitude of thexpressed as {[il/(p—pg)] (dp/dT)}=Inm—InT, i.e., is a
resistivity, especially in the case of Cuf;. linear function of InT with the gradient of -1. The experi-

At low (much lower thar® ) temperatures the resistivity mental dependence, shown in Fig. 2, displays two regions of
of a conventional metal, according to the theory, is expected linear variation with I below approximately 200 K it
to vary asp—po=aT™, with min the range from 2 to 5, has the gradient of about 3/2; whereas at higher tempera-
depending on the scattering mechanidnExperimentally  tures the gradient is close to2. These values of the gradient
the power dependency of resistivity on temperature, preef In{[1/(p—po)](dp/dT)} versus InT dependence corre-
dicted by theory, has been observed for many metals, akpond to an exponential temperature dependence of the re-
though in a rather limited temperature range, usually belovsistivity: p— po=a exd —(T*/T)"] with n=1/2 andn=1, re-
10 K2 The temperature-dependent part of the resistivity ofspectively. This type of temperature dependency of the
Culr,Se, from 2 K toabout 10 K does vary approximately as resistivity looks very unusual for a metal. Hence, the first
p=T4 In the framework of the conventional metallic con- question is whether this exponential behavior is a real fact. In
ductivity model this implies that the main conductivity the present case it seems that the experimental evidence is
mechanism in this low-temperature range is due to electrorrather clear in favor of the exponential temperature depen-
phonon scattering. The resistivity in this temperature rangelence of the resistivity. As can be seen in Fig. 2, the differ-
increases, however, by less thanui) cm, i.e., about 0.25% ence between the exponential temperature dependence and a
of its room-temperature value. This raises the questiomower dependence is well beyond the experimental uncer-
whether a simple law exists, to which the temperaturetainty in the range of temperatures covering about two orders
dependent resistivity follows as it increases from the valuesf magnitude from at least 10 to 900 K. Note, the power
of about 1 1) cm at 10 K, to about In{) cm at 1000 K. A temperature dependence of the resistivity for conventional
more elaborate analysis reveals that the resistivity indeed hasetals has been observed in a far more limited temperature
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p-p,=a exp[-(T'/T)']

.

transition-metal-based compounds thelectron contribu-
tion to the density of states at the Fermi energy can be much
larger than the contribution of electron statesNy(eg)
>Ng(eg), therefore thes-d scattering occurs much more
frequently than thes-s scattering. As the result of this, the
s-d scattering may give a main contribution to the resistivity.
Furthermore, the scattering probability also depends upon
Fermi surface geometry through the conservation law of
crystal momentum. If the-like ands-like parts of the Fermi
surface are separatedkrspace then only the phonons with a
wave vector larger than some minimum wave vedgy,
will be effective fors-d scattering. As a result, at low tem-
peratures, when no such phonons exist, $he& scattering
contribution to the resistivity exponentially decreases. This
o T mechanism was d_isc_ussed aIread_y in 193&_3 by WitSddne
10 100 1000 s_ho.ulld expect a similar exponent_|al \_/arlatlon of el re-
T (K) sistivity when thed-electron contribution to the density of
states(DOS), N4(&), vanishes akg, having a gap at the
FIG. 2. Derivative of resistivity[1/(p(T) —po)1(dp/dT) of  Fermi energy. Other mechanisms of the activation-type tem-
Culr,Se, against temperature in double logarithmic scale. Solidperature dependence of resistivity include scattering on lo-
lines show the derivative for the functign=a ex —(T"/T)"J with  ¢ajized states split by a crystal fieldlor low-dimensional
n=0.42 andn=0.94. The broken and dotted lines display the de'models of conductivit)}.“

rivative for a power dependence of resistivity on temperatpre: : :
—po=bTM Tr?ere is a (E)hange of the gradien%/of the efperinywjental Smce _the DOS of Cujss, aéthe Fv_arr_nl energy has a large
temperature dependencet T,. contr|b_ut|on from Ir H st_ate , and it is plausible that the
same is true for CujSe,, it would be reasonable to assume
range, usually of 1 to 10 K2 Furthermore, the present ob- thats-d Mott's scattering is relevant in the present case. Yet,
servation is not an isolated fact. Experimentally, the existhere is a difficulty with this model: it predictat least in its
tence of the exponential resistivity temperature dependencgmple form the resistivity varying asp=aexp(=T*/T).
was initially noticed in NgSn compound? and recently, a The experimental resistivity does follow this simple expo-
similar exponential behavior of the resistivity was found innential dependency only at high temperatures, whereas
CuRh,Sg, and CuRBS, C()m[:)oundé_5 We want to empha- below about 200K the resistivity varies ag
size that the result presented in Fig. 2 implies a conductivity=a exfl —(T*/T)"] with n~1/2, which is in an apparent con-
mechanism, which is fundamentally different from the con-tradiction to thes-d model. The resistivity behavior of
ventional picture of metallic conductivity. The latter suggestsCulr,S,, presented below, probably gives a hint to an alter-
that the resistivity of a metal obeys a power temperaturdative conductivity mechanism. The change of the resistivity
dependency at low- and high-temperature limits, being demperature dependency of CG8e, aroundT=200 K will
more complex function at intermediate temperatures. Physie discussed in more detail later.
cally, this picture is based on a nonactivated scattering of Figure 3 presents the dependence oi{{do/dT) and
conduction electrons, i.e., the scattering which magnitude i§¢1/p) (dp/dT) on T in double logarithmic scale for Cuylg,.
nonzero at any nonzero temperature. In contrast, Fig. 2 indin the high-temperature range, above the MIT, the resistivity
cates that the resistivity of CyBe, follows the exponential of Culr,S, varies asp=aexf —(T*/T)*?], similar to the
dependency on temperature in the whole temperature rangesistivity of CulpSe, below 200 K. In contrast to CuiBe,
from at least 10 K to at least 900 K. This fact also has a cleathe resistivity of CulsS, does not show the simple exponen-
physical meaning: the main temperature-induced scatteringial temperature dependengy=a exp(—T*/T) in the inves-
mechanism for conduction electrons is of an activation typetigated temperature range. It is a possibility that the change
i.e., the magnitude of the scattering is exponentially smalbf the resistivity temperature dependency frgraexp
below some characteristic temperature. From a theoreticgT*/T) to p=aexd —(T*/T)*?] is a precursor of the MIT,
point of view, the possibility of such a resistivity temperatureand it occurs in CulS, at a higher temperature.
variation has been anticipated and few mechanisms, which Below the MIT the conductivityr=1/p of Culr,S, does
can lead to an exponential dependence of resistivity on termot follow the simple activation temperature dependemce
perature, have been discussed. The most familiar is Mott's=b exp(—A/T) expected for an insulator. At temperatures
s-d scattering model® It is assumed in this model tha  below 50 K the temperature dependence is well described by
electrons carry the bulk of current. Impurities, phonons, andr=b exg —(T*/T)¥?]. The dependence conforms to the
other scattering mechanisms cause scattering oSthlec-  Efros-Shklovskii hopping mechanism with long-range Cou-
trons into vacans or d states, so that the contribution to total lomb correlations® Therefore, we conclude that hopping
resistivity, originating from théth scattering mechanism can represents the principal conductivity mechanism in €ailr
be expressed ag=p; °+ p?‘d . Each of these contributions at low temperatures, and that Coulomb correlations are likely
is proportional to the corresponding scattering probabilityimportant in stabilization of the insulating phase. It is inter-
which depends upon the density of stal{s:() into which  esting that in the low-temperature range the temperature de-
the electrons are scatterfd.In transition metals and pendence of(1¢)(do/dT)] for Culr,S, has a strong resem-
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FIG. 3. The derivative of the resistivifyl/p(T)](dp/dT)(O), i 1
and the derivative of the conductivifyl/o(T)](do/dT) (+) of 10 — I —
Culr,S, against temperature in double logarithmic scale. In the tem- : |
perature range below the MIT, the derivative of the conductivity of ;
insulating CulgS, is displayed(left y axis). Above the MIT the | n
derivative of the resistivity of the metallic phase is depiateght y | .
axig). Solid and broken lines show the derivative for functibn I |
—aexg—(TT)" with n=1/2 andn=1. *T
. _
blance to the dependence|[dfl/p)(dp/dT)] in the metallic S A
phase of CulyS,, and in CulsSe, below 200 K; see Fig. 3. 10 100 1000
This parallelism suggests that similar mechanisms are oper- TX)

ating in the Conductl\(lty of thg I(_)vy-temperature msulatlng FIG. 4. Resistivity, thermopower, and magnetoresistivity all re-
phase of CupS,, and in the resistivity of the metallic phase |5 peculiar behavior near to temperatie=200 K. The upper

of CulnS, and in CulgSe,. We speculate that some panel displays the temperature dependence of the derivative of re-
temperature-induced, very low mobility electron excitationSsistivity [ 1/p(T)](dp/dT) (+) and of the thermopowed SdT of

are present in both insulating and metallic phases of the conuir,Se, (O). There is a change of the gradient of the derivative of
pounds. In the insulating material these excitations are rethe resistivity atT,, whereas the derivative of thermopower has a
sponsible for the conductivity. On the other hand, in theminimum at this temperature. The lower panel shows the magne-
metallic phase the high mobility conduction electrons carrytoresistivity Ap=p(T,H)—p(T,0)(uoH=15 T). The magnetore-
the charge current. The temperature-induced electron excitaistivity exhibits a kink near td.

tions represent in this case the most important scattering

channel for the conduction electrons. With increasing teMyeg|s a kink around,. It is worth mentioning here that the
perature, the number of the low mobility excitations in- ynatoemission spectra for Cy8e,, measured at 30 and 250
creases, leading to the increase of the conductivity of thg 7 jngicate a larger DOS at the Fermi level at 250 K in
insulating CulgS,. Whereas in the metallic Cyl8e,, the  comparison with the DOS at 30 K. It is also interesting that

increasing number of the excitations results in a more intensg,q ya1ue ofT, is very close to the temperature of the MIT in
scattering of the conduction electrons, thus increasing th@:ulr284. Whether the peculiarities in the transport of

resistivity. Culr,Se, around T, have some relation to the MIT in
The resistivity of CulgSe, changes the type of Culr,S, is, however, an open question.

temperature dependency from=a,exd —(T{/T)¥?] to p
=ay exp(—Ty/T) at temperaturd,; see Fig. 2. This change
suggests a change in the conductivity mechanism. Indica-
tions of the change are present also in the thermopower and Figure 5 presents the thermopower of GBk, and

in the magnetoresistivitydSdT of Culr,Sg has a mini- Culr,S, from 4 to 900 K. At high temperatures the ther-
mum, related to the high-temperature shoulder, at the sammopower of both compounds is nearly linear in the tempera-
temperaturel,~200 K at which If(1/p)(dp/dT)] has the ture and has large positive values. The MIT in G8lrmani-
kink; see Fig. 4. This coincidence implies that the shoulderfests itself by the abrupt change of the thermopower. Figure
in the thermopower and the change of the gradient o6 shows the variation 08 and p in a vicinity of the MIT.
IN[(1/p)(dp/dT)] against InT dependence both have the Note that the transition in the thermopower is more smooth
same origin. Further confirmation that®tthe conductivity than in the resistivity. The different width of the transition
mechanism changes gives the magnetoresistivity temperatuagea in the thermopower and in the resistivity may reflect a
dependence, shown in the lower panel of Fig. 4: it also recoexistence of the metallic and insulating phases in a rather

B. Thermopower
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' of the resistivity in the vicinity of MIT can be understood
80 — — . . . .
assuming that immediately below the MIT a considerable
fraction of the sample material is still in the metallic state,
and that the amount of this metallic phase continuously de-
creases with decreasing temperature. This conjecture is also
in agreement with the more rapithan it should be for a
normal semiconductdrdecrease of the resistivity as tem-
perature increases above 50 K.

Thermopower generally consists of two contributions: dif-
fusion thermopowelSy, the origin of which is an energy
dependence of conduction-electron mobility, and phonon
drag thermopowe$y, which arises due to a transfer of non-
equilibrium momentum from a phonon system to the con-
duction electrons. Total thermopower can be represented as
S=S54+Sy. The diffusion thermopower of metals is pre-
dicted to be a linear function of temperature. Experimentally
the linear temperature dependency of diffusion thermopower

0 200 400 600 800 1000 is almost never observed in a broad temperature range, ow-
TX) ing to a competition between different scattering mecha-
nisms and to effects of energy band structtiré. Yet, in the

FIG. 5. Temperature dependence of the thermopower Ofimit of |ow temperatures, when a single scattering mecha-
CulrzSg, (+), and of CulgS, (O and®) in zero magnetic field. nism dominates conductivity, the diffusion thermopower of a
conventional metal should be linear in the temperature. The

broad temperature region below the MIT. It was shown thabhonon drag thermopower varies$g9cT3 atT<®p and as
the thermopower of a two-component mixture is mainly de-g

: SR ;> L/T in the high-temperature limit, having a maximum at
termined by the low-resistivity component, whereas the re;qiermediate temperaturé?.

sistivity, depending strongly on miqo_structure,.can bg o]‘ t.he The thermopower of CujBe, reveals features which
same magonltude' as the resistivity of high-resistivity oo 14 he considered similar to those of some transition met-
component’ The different behavior of the thermopower and 55 gyt a closer inspection reveals anomalous behavior of
the thermopower. At high temperatures the combination of a
large magnitude of the thermopower with its almost linear
temperature dependence over a broad temperature (ahge
though it does not contradict to transport theoiy rather
unusual for metal$>?! At low temperatures there are two
peculiarities in the temperature dependence of the ther-
mopower: a minimum &t ,,=30 K, and a shoulder, centered
at about 100 K. Phonon drag thermopower would be a rou-
tine interpretation of the minimum. A characteristic feature
of phonon drag is that at low temperatures its contribution to
the thermopower should be proportional T8. Therefore,
for a conventional metallic conductor the thermopower at
low temperatures includes a linear in the temperature diffu-
sion thermopower and the phonon drag thermopower and
can be expressed &sS= a T+ agT3. Contrary to this ex-
pression, the data presented in Fig. 7 indicate that below
about 13 KS(T)=T%5 Usually?? to separate the phonon
drag contribution one uses a plot $fT againstT?. Such a
plot, shown in Fig. 8, confirms that the thermopower below
13 K cannot be represented &s ayT + agT3. Instead S/T
in this low-temperature region can be expressedS&s
= ay+ BT. The parameter values in this expression can be
estimated from the plot in Fig. 8aq=0.002uVK 2,3
=-0.088 uVK 25, Because of the very small value of
aq, there is actually no usual linear diffusion contribution to
200 210 220 230 240 250 the thermppovyer at low temperatures. .Hence, the. ther-
T () mopower in this temperature range is given by a simple
single-term expressior8= BT*®. This type of thermopower
FIG. 6. Temperature dependence of the thermopopper temperature dependence has not been known for metallic
pane) and resistivity(lower panel of Culr,S, in the vicinity of the ~ conductors. The observed dependence cannot be accounted
MIT. The arrows indicate the direction of the variation of tempera-for by a competition between different scattering mecha-
ture. nisms. In the temperature range below 13 K in whigh

60
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FIG. 9. Temperature dependenceSsT® of Culr,Se,. Below
FIG. 7. Temperature dependence of the thermopower 0f3 K and above 200 KS/T'® is independent of temperature, i.e.,

Culr,Se, in double logarithmic scale. The thermopower below S=gT'5 The low-temperature value o8,3,, and the high-
about 13 K(in the temperature range where the resistivity is almostiemperature valug,, are indicated by the arrows.
independent of temperatyrearies asS= 8T™. The function with
m=1.5 is shown by the solid line. The broken lines depict therange. Another interesting feature is seen in Fig. 9: the ther-
function form=1 andm=2. mopower at  high  temperatures—above  about

200 K—exhibits a temperature dependence similar to that
=pBT% is observed, the temperature-dependent part of théound at low temperature§= 8, T*>. This last observation
resistivity is virtually zero in comparison with the implies that the proportionality o6 to T1® is an intrinsic
temperature-independefitmpurity) contribution. Therefore, property of the compound related to basic features of its
the temperature-independent impurity scattering is the domielectronic structure, since it is independent of a particular
nating scattering mechanism in this whole temperaturecattering mechanism. And, second, it suggests that the com-
plex temperature variation of the thermopower between 13
and 200 K is a result of transition from the negative ther-
mopower, related to the temperature-independent scattering
at low temperatures, to the positive thermopower, related to
| the temperature-dependent one at high temperatures. To ap-
preciate this suggestion, we notice that the diffusion ther-
mopower in the presence of several scattering mechanisms
can be expressed&$S==3,Sp;/p, whereS, andp; are par-
tial thermopower and resistivity due to théh scattering
mechanism, ang=Xp; . In the present case it is reduced to

T” K"
1 2 3 4

o
o
I

Pimp
p
With Siyp . pimp PEING the impurity thermopower and resistiv-
ity, and pt and Sy denoting the temperature-dependent part
of the resistivity and corresponding thermopower. According
to the previous discussior§y,,= B T and Sy= BT,
where 8. and By can be estimated from the plot in Fig. 9:
BL=-0.088uVK ?® and B,=0.0013uV K %5 Equa-
tion (1) can be obtained from the Mott's formula for the
50 100 150 200 250 thermopower of metal&’
T’ (K) . 72 ke
FIG. 8. Dependence o8/T againstT? (bottom x axis) and 3 e®
againstT*? (top x axis) of Culr,Se, from 1 to 16 K. The solid and _ _
broken lines depict the functioB=£T® for the top and bottonx It predicts a linear temperature dependence for the ther-
axes, respectively. The plot clearly shows that the thermopower d@nopower. Since Mott's formula in the low-temperature limit
low temperatures cannot be represented as a sum of a linear diffldas a rather general nature, it is reasonable to assume that
sion term and of a phonon drag term, proportional to some kind of Mott-like expression is also valid for the ther-

S=Simp +ST%, &)

S/T MV K

1dp

b de (2

£=SF
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FIG. 10. Temperature dependence of the thermopower of
Culr,Seg, calculated with formuld4), solid line, and the experimen-
tal data,O.

FIG. 11. The magnetoresistivity of Cu8,(O) and of CulsSe,
(+) at 50 K againsH?. The broken lines depickp/pxH?. Note,
the magnetoresistivity of Cul§, is about an order of magnitude

smaller than the magnetoresistivity of .
mopower of the present compound. As follows from the ex- g y of Cise,

perimental data for the thermopower, it should confeir? |, temperatures do not rule out this type of temperature

Q_ 2 1.
t,\(]:-mpetratlijre tr(]jepende?ce.i—f(w t/g)(kB/e)kBT t;[. 'f']' | dependence, but the quality of the experimental data is not
sr?c\),\ijldobee;%dif(ieegoar\rsec units for thermopower the formu agood enoughowing to the high re_sistance qf the sample at
low temperaturesto make a certain conclusion.
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The magnetoresistivity of CulBg and of CulpS,, mea-
Formula(3) by the routine procedure yields sured at 50 K, is presented in Fig. 11. The magnetoresistivity
is positive, proportional t¢1? in weak fields and exhibits a
@ saturation tendency with the increasing field strength. This
behavior is in agreement with theoretical results for the lon-
) ] gitudinal magnetoresistivity of conductors. Magnetother-
We calculate the thermopower with the help of E4).using  mopower is very small for both compounds at all tempera-
the experimental resistivity(T) = pimp+ p7(T), Wherepimy  tures in the range of 4 to 300 K. These results show that the
=8 ) cm andS;,, and Sy are defined above. The result, effect of the external magnetic field on the transport proper-
presented in Fig. 10 shows surprisingly good agreement witfes arises solely due to Lorentz force, acting on the conduc-
the experimental thermopower. Particularly, it indicates thation electrons. We have found no definite indication of an

the low-temperature minimum in the thermopower is not duesffect of magnetic impurities on the transport properties.
to a phonon drag effect, rather it originates from the compe-

tition between the negative impurity thermopower and the
positive thermopower related to the temperature-dependent
conductivity mechanism. The resistivity and the thermopower of spinel-type com-
The thermopower of Cuj6, at temperatures above the pounds CulS, and CulsSe, have been measured at tem-
MIT, in the metallic phase, is considerably larger than theperatures from 2 to 900 K under magnetic field from 0 T up
thermopower of CuhSe, and increases with temperature to 15 T. Both the resistivity and the thermopower in the
slower than by the linear rate. These features correlate witmetallic state of the compounds have features unusual for
the larger magnitudé¢than in CulpSe,;), of the resistivity, metals. The experimental data on the resistivity suggest that
and with the different temperature dependency of the resishe compounds are nonconventional metals with a low mo-
tivity: p=aexgd—(T*/T)*?], whereas the resistivity of bility of the charge carriers, presumably due to the
Culr,Seg, varies at high temperatures assaexp(—T*/T).  d-character DOS at the Fermi level. The most striking feature
At low temperatures, according to the electrical conductivityis that the resistivity of both compounds follows to an
analysis, the principal conductivity mechanism in GBlris  exponential-type temperature dependence in a very broad
Efros-Shklovskii  hopping with long-range Coulomb temperature range from 2 K to at least 900 K.
correlations’? The thermopower of a semiconductor with  The resistivity of CulsSe, (which has a metallic type of
hopping conductivity is expected to depend on temperatureonductivity has two temperature regions with a different
asS=¢\T.2% The experimental data on the thermopower atvariation in dependence on temperature: below about 200 K
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it follows to p=a, exd —(T{/T)*?], whereas above 200 K temperature insulating state of Cuf. The positive ther-
the resistivity varies ags=ayexp(—T}/T). The thermopower mopower of the insulating phase implipgype charge car-
and the magnetoresistivity of CuBe, also display anoma- riers, in agreement with recent photoemission results.
lous temperature dependencies around 200 K, indicating that The thermopower of CujSg, has anomalous temperature
there is a change of the conductivity mechanism around thidependency. At low- and at high-temperature limits it is pro-
temperature. portional toT%?2 this type of thermopower temperature de-
The conductivity of CulsS, in the temperature range of 4 pendency has not been known for metallic conductors.
to 50 K is well described by the Efros-Shklovskii hopping  The magnetoresistivity of Cuylg, and CulgSe, is posi-
conductivity mechanism with long-range Coulomb correla-tive and follows the relatior p<H?. Magnetothermopower
tions: o=b exd —(T*/T)?], with the characteristic tempera- [AS=S(H,T)—S(0,T)] is very small for both compounds at
ture T*~90 K. This implies that the Coulomb correlations all temperatures. No clear indications of an effect of residual
play an essential role in the formation of the insulating phasenagnetic impurities on transport properties have been found.
of Culr,S,. Above the MIT the resistivity shows an expo-  The results of the present work give the distinct experi-
nential temperature dependengea exd —(T*/T)¥?] with mental evidence that the metallic state of GS8jr and
T*~600 K. It is interesting that in the insulating phase of Culr,Se, compounds is very unusual. This is in accord with
Culr,S, the conductivityreveals the same type of tempera- the general tendency that the metallic conductors near the
ture dependence as thesistivity of the metallic CulsSe,. insulating transition exhibit nontrivial propertiésEurther
The thermopower is positive in the metallic phase of bothstudies are necessary to understand the mechanism of this
compounds at high temperatures, as well as in the lowpeculiar behavior.
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