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The measurements of thermoelectric power S and resistance p at high pressure syn- 
thetic diamond anvils cell were performed for (PbS)0,59TiS2 and TiS2 crystals. The 
phase transition was found at P x 2 G P a  accompanied by descend of p and IS( for 
(PbS)o.s9TiSz. This transition is connected with structural change of PbS fragment from 
pseudocubic cell to orthorombic one and as consequence, with change of the electron 
concentration in Ti&-layers. From the electronic structure calculations for TiS2, the 
semiconductor-metal transition occurs at pressure P 2 4 GPa. Experimentally at this 
pressure range the decrease of p (P) was observed for (PbS)0,59TiS2 crystals. 

Keywords: Electrical resistance; ThermoEMF; Misfit crystals; High pressure; Phase 
transition 

The layered dichalcogenides of transition metals and their intercalates 
are the perspective materials for electronics and have interesting 
electrical, structural and mechanical properties [l - 31. The misfit 
chalcogenide crystals ( P ~ S ) O . ~ ~ T ~ S ~  corresponding to this group of 
materials consist of the weakly linked atomic layers of PbS and 
(TiS2-TiS2) (Fig. 1) [l] and may be considered as intercalation 
compounds where PbS-layers are inserted in TiS2-matrix. In the 
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FIGURE 1 Projection of the structure of (PbS)o.59TiS2 along [loo] [I, 191. Dark area 
shows unit cell. Rhombuses are octahedral non-occupied sites at Van-der-Vaals gap 
between TiS2-layers. 

(a, 6)-plane the PbS sublattice is deformed in comparison with bulk 
material with the rock salt structure (a = 5.936 A) while TiS2 layers 
remain almost unchanged. In b-direction unit cell parameters of PbS 
and TiS2 parts are equal (b = 5.783 A), but in a-direction the sub- 
lattices are incommensurate with parameters a(PbS) = 5.761 8, and 
a(TiS2) = 3.390A [l]. Each TiS2-layer has a form of sandwich, where 
Ti-atoms are placed between S-ones (Fig. l), the layers having weak 
Van-der-Vaals links in c-direction, as for TiS2 crystals [l - 21. 

Such a layered structure of considered materials leads to high 
anisotropy of their electric and mechanic properties in (a, b)-plane 
and in perpendicular c-direction [l], and also in commensurate 
b- and incommensurate a-directions [3]. A compressing of layers 
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PRESSURE-INDUCED PHASE TRANSITION 349 

(PbS)0.59TiS2 crystals by the isotropic pressure must cause different 
change of electric properties in different crystallographic directions. 

The aim of this work is an investigation of pressure influence 
on conductivity p and thermoelectric power ( S )  for (PbS)0.~9TiS2 
crystals. For a comparison the same measurements are performed for 
TiS2 crystals with the same temperature dependence of p and S in 
(a, b)-plane at ambient pressure as for (PbS)o,59TiS2 [l]. 

EXPERIMENTAL 

For the high pressure measurements we have used the anvil cell with 
tungsten carbide (up to 8GPa) [4] and synthetic diamond anvils (up 
to 30 GPa) [5 - 71. The P values in the pressure media (pyrophyllite, 
catlinite) were estimated on base of phase transitions in standard 
materials (Bi, GaP and others) [5 - 71. The measurements were done at 
few increase - decrease pressure cycles. 

The (PbS)0,59TiS2 and TiS2 crystals with size -15 x 1.0 x 0.01 mm 
were prepared by method of gas transport reaction with small sulphur 
excess [3]. The unit cell parameters of (PbS)0.59TiS2 coincide with data 
from Ref. [I]. The electron concentration determined from the Hall 
effect measurement in temperature range T =  77- 350 K was equal to 
n = 3 .  lo2' ~ m - ~ .  

The crystals in form of plates -0.5 x 0.2 x 0.01 mm were placed into 
0.3 mm hole in a container with an angle to anvils plane. We used the 
Pt-Ag ribbons for electrical contact. The S-measurements were made 
along (a, b)-plane; because of small thickness of sample, temperature 
gradient in this case along c-axe was significally smaller than at the (a, 
b)-plane. The method of S-measurements was tested earlier for certain 
semiconducting materials S m X  (X= Te, Se, S ) ,  EuX, Bi2Te3, and the 
results had a good agreement with hydrostatic pressure data below 
9 GPa [4, 6, 71. The relative deviations of the results (without account 
of change of geometric form of the sample upon compress) was 
estimated as -5% for p and -20% for S [3, 41. 

RESULTS 

The pressure dependences of p and S obtained in diamond and 
tungsten carbide anvil cells had a good agreement (Figs. 2 and 3). For 
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FIGURE 2 Dependences of resistance (left axis) and thermoEMF (right axis) on 
pressure of (PbS)o,59TiS2 and TiS2 crystals along layers plane at T= 293 K measured at 
anvil cell with tungsten carbide. 
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FIGURE 3 Dependences of resistance (left plot) and thexmoEMF (right plot) on 
pressure of (PbS)0,59TiS2 and TiS2 crystals along layers plane at T =  293 K measured at 
diamond anvil cell. 

the (PbS)0.59TiS2 sample at P x 2GPa the descend of p and JSJ was 
observed. One more bend of p at P 2 4 GPa was detected. In contrary, 
S(P) and p(P) curves for TiS2 demonstrate only gradual decrease 
(see Figs. 2, 3). The similar results were obtained in Ref. [8] for TiS2 
crystals with high electron concentration n = 1.4 4 10zocm-3, the data 
for S(P) at P > 5 GPa being in a good accordance with the present 
ones. 

The drop of p and S for ( P ~ S ) O . ~ ~ T &  crystal may be caused by 
phase transition in PbS and TiS2 layers, as their behaviour under pres- 
sure may be similar with the behaviour of bulk PbS and TiS2 [l]. 
For TiS2 at P up to 9GPa no structural transformation was found 
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[8 - 101, but PbS at pressure -2.5 GPa has a transformation from NaCl 
to orthorombic phase with parameters a = 11.28, b = 3.98, c = 4.21 8, 
[Il-131, and at P=21.5GPa it has the transformation into CsCl 
structure 1141. On base of these data the change of p and S for 
(PbS)0.59TiS2 at -2 GPa may be connected with phase transition in 
PbS-layers. 

The possible mechanism of decrease of p and S for (PbS)0.59TiS2 
crystals due to structural transformation in PbS-part is difficult to 
discuss without structural investigations at high pressure. One of 
the explanations may be the increasing of Ti-atoms concentration in- 
to the Van-der-Vaals gap between TiS2-layers and, as consequence, 
increase of electrons in the conducting band [1,8], because at high 
sulphur pressure TiS2 has a tendency to transform into TiS3 [15]. 
Another possible explanation may be based on a partial connection 
between cell parameters of layers which has to lead to cell param- 
eters changes for TiS2 layer and to a corresponding change of the 
electronic structure as a result of structural transformation in PbS 
part [14]. 

One may note that in Ref. [4], where the mechanical proper- 
ties of the same samples of ( P ~ S ) O , ~ ~ T ~ S ~  crystals were tested, the 
similar structural transition seems to occur [ 16,171, that probably 
led to a strong residual deformation along incommensurate direction. 

The weak anomaly of p and S for TiS2 at P > 4GPa perhaps 
is caused by decrease of the forbidden band and semiconductor - 
semimetal transition, predicted by electronic structure calculations 
[9] and observed experimentally 181. According to X-ray diffraction 
data [9], the pressure leads to compressing of distances between TiS2- 
layers and increasing of their thickness (see Fig. l), and these factors 
have a result increase of density of electrical charge between layers 
and enhancement of bonds between S-atoms [9]. The lowest 
conducting band of TiS2 from M-point of the Brillouin zone shifts 
under the pressure in L-point, and at P = 6 - 8GPa the overlap with 
valence band in I?-point appears [9]. The descend of p at P > 4 GPa 
observed for (PbS)o,59TiS2 (see Figs. 2, 3) in framework of model of 
weakly interacted layers we explain as result of electronic transition 
semiconductor - semimetal in TiS2-layers [9]. The model of weakly 
interacted layers has a good agreement with electronic structure 
calculation results for misfit compounds [18,19]. 

D
ow

nl
oa

de
d 

by
 [

In
st

itu
te

 o
f 

M
et

al
 P

hy
si

cs
 o

f 
U

ra
l B

ra
nc

h 
of

 R
A

S]
 a

t 2
0:

22
 1

8 
Ja

nu
ar

y 
20

12
 



352 V. V. SHCHENNIKOV et a/. 

Acknowledgements 

Authors are grateful to Goschitsky B. N. for his interest in these 
results. The work was partly supported by Russian Foundation for 
Basic Research (RFBR), grant N 98-03-32656 and Program of State 
Support of leader scientific schools of Russian Federation, grant 
N 96-15-96515. 

References 

[l] Wiegers, G. A. and Meerschaut, A. (1992). Misfit layer compounds (MS),  TSz 
(M=Sn, Pb, Bi, rare earth metals; T=Nb, Ta, Ti, V, Cr; 1.08 < n < 1.23): 
Structures and Physical Properties, Mater. Sci. Forum, 100 and 101, 1-72. 

[2] Negishi, H., Ohara, S. and Inoue, M. (1989). Synthesis of titanium sulfides under 
high pressure, Phys. Stat. Sot. (b), 151, 441. 

[3] Panfilov, P., Gagarin, Yu. L. and Titov, A. N. (1998). The mechanical behaviour 
of single crystals of misfit layer compound (PbS)1.18(TiS2)2, J. of Muter. Science 
Letters, 17, 1049. 

[4] Khvostantsev, L. G., Vereshchagin, L. F. and Uliyanitskaya, N. M. (1973). 
Measurements of the thermoelectric properties of metals and semiconductors 
at quasi-hydrostatic pressures up to 60 kbar. Bismuth, High Temp.-High Press., 
5, 261. 

[S] Tsidil’kovskii, I. M., Shchennikov, V. V. and Glwman, N. G. (1983). ThermoEMF 
of Mercury Chalkogenides at superhigh pressure, Fizika i Tekhnika Poiuprovodni- 
kov, 17, 958. 

[6] Shchennikov, V. V. and Bahzenov, A. V. (1997). Thermoelectrical study of 
materials at high pressures up to 30 GPa, Rev. High Press. Sci. Techno/., 6,  657. 

[7l Shchennikov, V. V., Derevskov, A. Yu. and Smirnov, V. A. (1998). Sintered 
diamond plungers application for high pressure investigations of conducting 
materials, In: Proc. 5 Intern. Symp. on DiamondMaterials, edited by Davidson, J. L. 
et al., The Electrochem SOC., Inc., Pennington, NJ, 97-32, 597. 

[8] Klipstein, P. C. and Friend, R. H. (1984). Semiconductor to semimetal transition in 
TiSz at 40kbar, J. Phys. C: Solid State Physics, 17, 2713. 

[9] Allan, D. R., Kelsey, A. A,, Clark, S. J., Angel, R. J. and Ackland, G. J. (1998). 
High pressure semiconductor-semimetal transition in TiS2, Phys. Rev. B, 57, 5106. 

[lo] Lashkarev, G. V., Brodovoi, A. V., Radchenko, M. V., Mintyanskii, I. P., Mirets, 
A. L. and Tovarnitskii, M. V. (1990). Phase transition in layer crystals TiS2, Fizika 
Tverdogo Tela, 32, 980. 

1111 Samara, G. A. and Drickamer, H. G. (1962). Effect of Pressure on the resistance of 
PbS and PbTe, J. Chem. Phys., 37, 1159. 

[12] Semerchan, A. A., Kuzin, N. N., Drozdova, L. N. and Vereshchagin, L. F. (1963). 
Change of electrical resistance PbS, PbSe and PbTe under high pressures up to 200 
000 kG/cm2, Dokiadi Akademii Nauk USSR, 152, 1079. 

[13] Brandt, N. B., Gitsu, D. V., Popovich, N. S., Sidorov, V. I. and Chudinov, S. M. 
(1976). Phase transitions in compounds PbS and T1SbS2 under high pressures up to 
300 kbar, Fizika i Technika Poluprovodnikov, 10, 194. 

[14] Tonkov, E. Yu., Phase transformations of compounds at high pressures (Metallur- 
giya, Moscow, 1988). 

[15] Oshima, K., Yokoyama, M., Hinode, H., Wakihara, M. and Taniguchi, M. (1986). 
Synthesis of titanium sulfides under high pressure, J. Solid State Chem., 65, 392. 

D
ow

nl
oa

de
d 

by
 [

In
st

itu
te

 o
f 

M
et

al
 P

hy
si

cs
 o

f 
U

ra
l B

ra
nc

h 
of

 R
A

S]
 a

t 2
0:

22
 1

8 
Ja

nu
ar

y 
20

12
 



PRESSURE-INDUCED PHASE TRANSITION 353 

(161 Gridneva, I. V., Milman, Yu. V. and Trefilov, V. I. (1972). Phase transitions in 
diamond-structure crystals during hardness measurements, Phys. Stat. Sol. (a) ,  
14, 177. 

[I71 Pharr, G. M., Oliver, W. C. and Harding, D. S. (1991). New evidance for a 
pressure-induced phase transformation during the indantation of silicon, J. Muter. 
Res., 6 ,  1129. 

[18] Yarmoshenko, Yu. M., Trofimova, V. A., Shamin, S. N., Solovyev, I. V., 
Kurmaev, E. Z., Ettema, A. R. H. F. and Haas, C. (1994). The X-ray emission 
spectra and electronic structure of the misfit layer compounds (BiS)I,08 NbS2 and 
(PbS)I.14 TaS2, J. Phys.: Condens. Matter, 6 ,  3993. 

[ 191 Kul’bachinskii, V. A., 20-, ID- and zero-dimentional-structures and superlattices, 
(Department of Physics, Moscow State University, Moscow, 1998), 164 p. 

D
ow

nl
oa

de
d 

by
 [

In
st

itu
te

 o
f 

M
et

al
 P

hy
si

cs
 o

f 
U

ra
l B

ra
nc

h 
of

 R
A

S]
 a

t 2
0:

22
 1

8 
Ja

nu
ar

y 
20

12
 


