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Abstract. The crystal and molecular structure of Sn2 P 2 Se6
in the low temperature ferroelectric phase is determined by
single crystal X-ray diffraction techniques. These results
are compared with the crystal structure of the same compound in the paraelectric phase, which was redetennined
at room temperature.
In both phases, the structure crystallizes in the monoclinic system. The ferroelectrie phase with a = 6.8145(3) A,
b = 7.7170(3) A, c = 11.694(1) A, ,6 = 124.549(4)", space
group Pc, V= 506.52(6) A3 , Z = 2 was determined at
T = 173 K and the paraelectric phase with a = 6.808(2) A,
b = 7.682(3) A, c = 11.667(7) A, ,6 = 124.75(6)", space
group P2 1 fc, V= 501.4(5) A3 , Z = 2 was determined at
T =293 K. Both structures were solved by automated Pattcrson methods and refined by least squares methods. For
the ferroelectric phase final refinement resulted in
R = 0.038 for 3763 reflections (with I > 2o(I)). Refinement of the paraelectric modification revealed disorder of
the Sn 2+ cations (the t\vo Sn sites being separated by approximately 0.34 A) and resulted in R = 0.062 for 2211
ret1ections (with I> 2o(I)).
Comparison of the two stmctures showed that the tin
ions shift to positions of about 0.13 A fmm an individual
disorder-site in the high temperature phase (paraelectric) to
the corresponding tin position in the low temperature
phase (ferroelectric). The shift from the average Sn-position in the paraelectric phase to the Sn-positions in the
ferroelcctric phase is about 0.30 A (on average 10" off the
vector a + c), and is clearly related to the spontaneous
polarization. Moreover, the average direction of these displacements is perpendicular to the modulation wave vector
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direction in the incommensurate phase, showing the prime
importance of such movements to the incommensurate
phase formation.

Introduction
Sn2P2Se6 is one of the members of the family of proper
ferroelectrics Sn 2 P2 {S 1 ··xSex)6 (Vysochanskii, Slivka,
1992), which is of interest for both fundamental and applicational reasons.
Of fundamental interest is the presence of a Lifshitz
point on the composition-temperature phase diagram (Vysochanskii et al., 1992). The occurrence of an incommensurate phase in Sn2P2Se6 and its gradual diminishment
with increasing sulphur concentration (and disappearance
at the Lifshitz point xr. = 0.28, h = 295 K) is expected
to originate mainly from a change of interatomic forces
with composition x. This has motivated phonon investigations by Raman, inelastic neutron and infrared spectroscopic studies on Sn,P,(S 1 -xSex)6 crystals (Vysochanskii,
Slivka, Buturlakin, Gurzan, Chepur, 1978; Gommonai,
Vysochanskii, Gurzan, Slivka, 1983; Volkov, Kozloe, Afanas'eva, Vysochanskii, Grabar, Slivka, 1983; Eijt, ~1aior,
Vysochanskii, 1996; Eijt, Currat, Lorenzo, Katano, SaintGr6goire, Hennion, Vysochanskii, 1997), in which clear
soft mode behavior has been observed related to the phase
transitions. Howevet; electmnic propetties may also be of
importance, since the compounds are semiconductors. For
example, the modulation wave vector in the incommensurate phase in Sn2P2Se6 can be stabilized in a small temperature interval by manipulating the population density of
electrons in trapping levels (Maior, Rasing, Eijt, van Loosdrecht, van Kempcn, ~~Iolnar, Vysochanskii, ~1otrij, Slivka, 1994). In this context, it is important for structural
studies to compare the crystals Sn,P,Se6 and Sn,P,S6 to
show detailed changes in the interatomic distances and an-
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ion value of Dy 3+ within experimental accuracy. Platinum
and germanium atoms CatTy no magnetic moments.
Changes of the conduction band by Pt and Gc are supposed to influence the type of magnetic Dy order. Indirect
exchange by conduction band electrons is responsible for
the magnetic interaction in rare emih intennetallics. Magnetization measurements as well as supplementary neutron
diffraction on monocrystals must be canied out in order to
determine the anisotropy direction and the crystal field
parameters quantitatively.

References
[1] Frans;ois, M.; Vcnturini, G.; McRae, E.; Malaman, B.; Roques,
B: Une nouvelle famille structurale de germaniurcs terniares:
Rlt'Ge2 (R = Y, Pr-Sm, Gd-Er) et MPtGe2 (M= Ca, Y,
Cc-Sm, Gd-TM). J. Less-Common Met. 128 (1987) 249-257.
[2] Braun, H. F.; Segre, C. U.: Ternary Superconductors of the Sc5 Co4 Si10 type. (Eds. G. K. Shenoy, B. Dunlap, F. Y. Fradin), pp. 239.
Elsevier-North-Holland, New York 1981.
[3] Schafer, W.; Jansen, E.; Will, G.; Kotsanidis, P. A.; Yakinthos, J.
K.; Tietze-Jaensch, H.: Crystallographic and magnetic stmcture
of TbPtGa. J. Alloys Compd. 206 (1994) 225-229.
[4] Schtifer, \V.; Jansen, E.; Skowronek, R.; Kirfel, A.: The twin diffractometer SV7 at the FRJ-2 as a workl~orse for stmcturc and
texture research. Proc. of ECNS'96, 7-10 october 1996, Interlaken (CH). Physica B234-236 (1997) 1146-1148.
[5] Kockelmann, W.; Jansen, E.; Schtifer, \V.; Will, G.: A program
for calculation and Refinement of Commensurate and Incommensurate Stmctures using Powder Diffraction Data. Report Jiil-3024
Forschungszentnnn (KFA) Jiilich 1995.

