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Fig. 1. The crystal structure 
of Sn2P2S6 ferroelectric 
phase.  The  tin  atoms  
positions in the paraelectric 
phase are shown by red. 
The shape of the Brillouin 
zone with denoted 
symmetrical points is 
shown for primitive 
monoclinic lattice. 

 

Fig. 2. Fragment of the crystal structure of Sn2P2Se6 ferroelectrics (a) and 
its corresponding Brillouin zone (b). The P-Se and P-P bonds inside the 
[P2Se6] group are shown. The atoms are, in decreasing size order, Se, P, 
and Sn. The numbers correspond to different independent crystallographic 
sites. 

 

Bond lengths (nm) for the P2Se6 molecular unit in the 
ferroelectric phase (1), paraelectric phase (2) and data 

from [6] for paraelectric phase (3) 
 
 1 2 3 

P(l) -P(2) 0.2225(2) 0.2219(2) 0.222(1) 
Se(l)-P(l) 0.2187(2) 0.2182(2) 0.2181(1) 
Se(2)-P(l) 0.2192(2) 0.2187(3) 0.2191(1) 
Se(3)-P(l) 0.2185(2) 0.2175(2) 0.2189(1) 
Se(4)-P(2) 0.2182(2)   
Se(5)-P(2) 0.2198(2)   
Se(6)-P(2) 0.2184(2)   

 

. Phys. Crystallogr., 33, 761 (1988). 
 

Computational procedure and Results 

Transverse optical and acoustic mode frequencies: 
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where d –interatomic distance;  - covalency; Mr – energy 
equivalent of the reduced atomic mass., V2 and V3 – 
covalent and ionic bond energy, X=S, Se. 
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Table 1 
Atomic terms and elemental atomic masses ( ) 

 Sn P S Se 

- p, eV 6.76  9.54 11.60 10.68 
- s, eV 13.04 19.22 24.02 22.86 
- h, eV 8.33  9.54 14.71 13.73 

    M 118.7 30.97 32.06 78.96 

 
Table 2 

Experimental and calculated parameters for binaries 

Compound 
Parameters PS PSe SnS SnSe 

d, nm 0.200 0.226  0.299 0.309 
V2, eV 5.51 4.44 3.44 2.59 

V3, eV 1.03 0.57 2.42 1.96 
(V2

2+V3
2)1/2, eV 5.43 4.48 4.21 3.25 

 0.92 0.99 0.82 0.80 

Mr 15.72 22.24 25.24 47.42 

LO
calc, cm-1 575 436 118 125 

LO
exp, cm-1 555-591 454 137 134  
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Fig. 4. Calculated transverse optical mode frequencies 
and covalency versus interatomic distance for P-Se. 
Open squares show interatomic distances P-
Se1 (0.213 nm), P-Se2 (0.224 nm), P-Se3 (0.233 nm). 

Fig. 3.  (a) Real and (b) imaginary parts of the dielectric 
function, reflecting the response of the (Bu, A' )-valence 

vibrations of Sn2P2Se6 in its three phases  

J. Phys. and Chem. of Solids, 60, 631, (1999). 
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Fig. 5. Interatomic distance dependence of 
transverse optical mode frequencies and 
covalency  for  SnSe;  d1=(0.254 nm), 
d2=(0.2567 nm), d3=(0.334 nm), d4=(0.347 nm) 

Fig. 6. Correlation between covalency and 
interatomic distance for different chalcogenide 
compounds  

Mn2P2S6 152 164 12 188 210 252 264     574 600 

Mn2P2Se6 130 136 6   158 182     444 456 

Sn2P2S6 71 137 66 217 225 247 253 277 285 439 441 555, 571, 581 555, 573, 591a 

Sn2P2Se6 46, 60 56, 104a 44 128 134 174 178   288 290 436, 444 454a 

a Unresolved modes. No exact TO/LO splitting can be determined 
bThe column  corresponds to the TO/LO splitting of the metal sensitive mode (first TO/LO column 
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Fig. 7. FIR reflection spectra of layered hexachalcogenohypodiphosphates (pressed pellets, Bruker IFS 114) [3] 
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Fig. .  Correlation between the reduced mass 
and interatomic distance for different 
chalcogenide compounds 

Fig. 9.  Correlation between calculated and 
experimental values of longitudinal optical mode 
frequencies for chalcogenide compounds 

Fig. 8.
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