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Abstract—A study is reported on the temperature dependence of the resistivity of the (PbS)gsgTiS, misfit-
layer compound in the commensurate and incommensurate basal-plane directions. The effect of the lattice
incommensurability is shown to be equivalent to additional one-dimensional scattering from aneutral impurity.

© 2000 MAIK “ Nauka/Interperiodica” .

Materials with misfit layers (misfit compounds)
with a common formula (MX)(TXy),, wheren = 1, 2;
M=Pb, Sn,Bi,Ln; T=Ti,V,Nb, Ta; and X = S, Se,
may be considered as a set of MX and TX, layers
stacked in the order MX-TX,—MX-TX,... (n = 1) or
MX=TX~TXMX-TX~TX,~MX~-... (n = 2) [1]. The
fact that the structure of an MX fragment in a misfit
material practically doesnot differ from that of the bulk
MX crystal gives one grounds to consider these com-
pounds as resulting from intercal ation of amonomol ec-
ular MX layer into the TX, matrix lattice. The axis per-
pendicular to the MX layer planeturns out to be athree-
fold axis (the { 111} axisin an MX crystal), so that the
MX and TX, layers have the same symmetry in the
direction normal to the layer plane (the c axis). The dif-
ference between the unit cell parameters, however,
makes the sublattices incommensurate. In materials
with M = Ln, electrons are observed to transfer from the
MX to the TX, fragment, asin the case of conventional
intercalation compounds, but in compounds with M =
Pb and Sn, no change in the electron concentrations in
both fragments compared to the bulk materials has been
detected [1]. While the nature of the chemical bonding
in the latter materials is still not fully understood, it is
clear, however, that it isin this group of materials that
one may expect the largest anisotropy in the properties,
including superconductivity.

In the (PbS)ys(TiS,) = (PbS)(TiS,), = “PbTiSy”
system, the PbS and TX, fragments are observed to turn
in such away asto maketheir lattices commensuratein
one of the directions (b) while leaving them incommen-
surate in the direction normal to it (a) [2]. This lowers
the general symmetry to monoclinic (space group
C2/m) and permits one to expect anoticeabl e anisotropy
of al properties, both in parallel and normal to the basal
plane, and in the commensurate/incommensurate direc-
tionsin the basal plane. Indeed, recent studies[3] of the

mechanical properties of (PbS),s,TiS, revealed astrong
anisotropy; one cannot practically deform the lattice in
the b direction because of the fact that it is extremely
deformable in the incommensurate direction a.

There are practically no studies of the anisotropy of
propertiesin the commensurate/incommensurate direc-
tions in the basal plane of misfit materias. The only
work on this problem dealing with compounds of the
(LnS),NbS, group [4] detected a weak anisotropy in
conductivity, o,/0,=1.19a T=280K and0,/0,=1.31
at 4.2 K. This anisotropy is assigned to microcrack
growth along the b direction. It was shown [3] that
mechanical strains in (PbS)y5,T1S, cannot give rise to
crack development and, hence, this compound can
serve asaconvenient model object to study the effect of
sublattice incommensurability on the behavior of
charge carriers. The mean free path length of conduc-
tion electrons was estimated for a number of misfit
materials [5, 6]. The values obtained agree well with
one another and range from 9to 11 A, which is consid-
erably in excess of both sublattice periods. The incom-
mensurability (lack of periodicity) of the crystal poten-
tial can obviously substantially affect the carrier mobil-
ity. The present work studies the anisotropy of the
electric properties of (PbS)ys0TiS, in the commensu-
rate and incommensurate directions.

(PbS),5TiS, single crystalsup to 15 x 10 x 0.01 mm
in size were grown by vapor transport reactions with a
small excess of sulfur added as a carrier. The technique
of single-crystal growth and characterization is
described elsewhere [3]. The X-ray diffraction patterns
of crushed single crystals and the calculated crystallo-
graphic parameters (DRON-1 UM, CuK, radiation, Ni
filter) coincided with those quoted in [2]. The elec-
tronic properties were measured on samples devoid of
mechanical defects, which are described in [3]. The
Hall effect and resistivity measurements were per-
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Fig. 1. Temperature dependence of the resistivity of
(PbS)g59TiS, in the commensurate direction. The inset
shows the temperature dependence of the ratio of resistivi-
ties in the incommensurate (p;) and commensurate (py)
directions.
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Fig. 2. Temperature dependence of the Hall constant in the
direction making 45° with the commensurate and incom-
mensurate directionsin the basal plane of (PbS)q59TiS,.

formed on samples 10 = 3 pm thick and 2 x 2 mm in
size within the 4.2-350 K range. Contacts measuring
0.1 % 0.1 mm were ultrasonically soldered with indium.
Magneticfieldsupto 14 T (Oxford Instruments) in Hall
effect measurements were directed along the ¢ axis, the
potentials were measured along (110), and the measur-
ing current was 1 mA. Theresitivity was calculated by
the technique of Montgomery [7]. The temperature
dependence of the resistivity anisotropy was deter-
mined to within 0.5%.

The main experimental results obtained are dis-
played graphicaly in Figs. 1 and 2. The temperature
dependence of the resistivity p in the commensurate
(pp) and incommensurate (p,) directions measured for
4.2 < T < 140K, is described by the p ~ p,T? relation
and, at higher temperatures, by p ~ poT*®. This coin-
cides with the behavior of the resistivity of TiS, [8]
with a dight excess of titanium, Ti, osS,. The electron
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concentration derived from the Hall constant is 3 x
10% cm3, which likewise coincides with the data
quoted in [8] for Ti; isS,. Thus, one may conclude that
in the material under study, only the dightly interca
lated TiS, fragments account for the charge transport.
This conclusion is in agreement with the results
obtained for other MY(TiS,),, compounds (M = Ph, Sn)
[1] and permits one to associate the effect of the PbS
fragment on the electronic properties with creation of
the scattering electric potential only.

The resistivity anisotropy in the commensu-
rate/incommensurate directions turned out to be small
(seeinset to Fig. 1), despite the strong anisotropy of the
mechanical properties [3]. This can be attributed to a
weak mutual coupling of the PbS and TiS, structural
fragments. It may be conjectured that the increase of
resistivity in the incommensurate direction can be
accounted for by the increase of the electron effective
mass induced by the PbS incommensurate potential.
Note that the p,/p, ratio substantially differs from unity
only at low enough temperatures. Because states with
an effective mass enhanced by the incommensurability
of the potential should lie close to the conduction-band
bottom [9], the vanishing of the anisotropy with
increasing temperature can be assigned to electron
excitation above the high-energy edge of these states.
The same reason may account for the decrease of the
Hall constant in absolute magnitude in the temperature
domain with a noticeable anisotropy in conductivity
(Fig. 2). The temperature at which the anisotropy dis-
appears provides an estimate (~0.01 eV) for the band
width of the states which have grown “heavier.” This
permits one to estimate the incommensurate potential
V, using the expressions for the mobility edge position
AE[9], structural data[10], and information on the con-
duction-band width B for TiS, [11]:

VZ = (2AE(z-1)B)/z,

where z = 6 is the coordination number of Ti atoms.
Substituting B = 3.2 eV yields the potentia V, =
0.22 eV. Thus, the effect of the structural incommensu-
rability is comparablewith that of randomly distributed
impurities [12]. This conclusion correlates well with
the temperature behavior of the carrier mobility, which
was derived from the conductivity and carrier concen-
tration calculated from the Hall constant. The differ-
ence between the mobilities in the commensurate and
incommensurate directions is practically independent
of temperature, which should be in the case of scatter-
ing from neutral impurities [13]. The high conductivity
in theincommensurate direction permits one to exclude
the scattering effect of randomly spaced intercalated
atoms as a reason for carrier localization, which is
observed in many intercalation compounds based on
titanium dichalcogenides [14].
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