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Sulfur                      

 The valence electronic shell of sulfur consists of 6 electrons with the disposal 

3s2, 3p4. The sulfur can have the following oxidation states: -2, 0, +2, +3, +4, 

+5, +6. It is a typical non-metal and its maximum coordination number is 6.

 Sulphur forms di-covalent bonds. It has two unpaired p electrons and can form 

-type bonds. The angle between sulphur bonds is 105°, which is very close to 

the characteristic angle for the sp3 hybridization. 

 Starting from these bonds it is possible to define two distinct positions in the 

series of four bonded atoms: the cis or eclipsed position and the trans or 

staggered position.

2Popescu book, ch. 1.



Sulfur                      

 The bonding in the configuration ‘cis’ leads 

to the formation of ring molecules, i.e., S6 or 

S8, and the ‘trans’ configuration leads to the 

formation of chain-like molecules.

 The special situation for the two types of 

configurations appears due to the 

contribution of the -bonds between the p-

electron pairs on neighboring atoms. 

 The ring (crown) molecules S8 give the 

most stable structural configuration in the 

solid state. Other molecules such as S4 and 

long chains of atoms can be packed in the 

solid state of sulfur as well. 

3Popescu book, ch. 1.



Sulfur

 In liquid and amorphous sulfur the molecules exhibit a tendency towards 

ordering based on lattice fragments with orthorhombic structure. The 

molecules interact each other by weak chemical bonds, presumably by Van 

der Waals bonds.

 Both sulfur rings and chains play an important role for the amorphous state. 

The rings act as plastifiers in the process of stretching the amorphous plastic 

sulfur. 

 Moreover, they prevent the closer approaching of the chains one to another. 

On the other hand, the chains prevent the approaching and the ordering of the 

sulfur rings. In this way, the amorphous, disordered state is stabilized.

4Popescu book, ch. 1.



Selenium

 The configuration of the valence electrons of selenium is 4s4, 4p4. The 

oxidation states of selenium are -2, 0, +2, +4, +6. The sp3 hybridization is 

less stable than in sulfur.

5Popescu book, ch. 1.



Selenium 

 The non-crystalline selenium is a dark-grey solid, which is built from 

disordered chains and rings of di-covalent selenium atoms.

 The covalent distance, the valence angle, the dihedral angle and the second 

order distance in non-crystalline selenium seem to be similar to those from 

the hexagonal selenium crystal.

 The same Van der Waals forces act between the chains. The density deficit 

of ~10% in the amorphous phases suggests that the packing of the structural 

units be far from close packing. 

 All the amorphous structures of selenium seem to consist of rings and 

chains, of which ratio is closely dependent on the preparation conditions of 

the amorphous selenium. 

6Popescu book, ch. 1.



Tellurium

 The valence shell configuration: 5s2, 5s4. 

 It is a hard solid with metallic character. 

 The oxidation states in compounds are +2, 

+4 and +6.

 Because the cis configuration is not favored 

in tellurium, it exists as only one crystalline 

state at normal pressure, called -tellurium 

that exhibits hexagonal symmetry and is 

analogous to the grey selenium.

 The crystal structure of tellurium consists in 

long spiral atom chains.

 In an ideal molecular crystal with chain 

structure, the bonds within the chains are 

purely covalent while those acting between 

chains are Van der Waals bonds.

7Popescu book, ch. 1.



Tellurium

 Tellurium cannot be obtained in glassy state by melt quenching. 

However, the amorphous state is obtained by evaporation and deposition 

on solid substrates maintained at very low temperatures.

 In the amorphous state, the inter-atomic bond distance (2.80 A) and the 

coordination number are lower than in the crystal. 

 It was suggested that amorphous tellurium should have a distorted chain 

structure where the inter-chain bonding is weaker than in the hexagonal 

tellurium, but the bonds within the chains are longer and nearer to the 

covalent bond.

8Popescu book, ch. 1.



Some structural data of chalcogens

9Popescu book, ch. 1.



Physicochemical data of chalcogens

10Popescu book, ch. 1.



As-S or As-Se                      

 In the crystalline state As2S3 and As2Se3 are iso-

structural with monoclinic lattice. The structure 

consists of extended layers of interconnected 12 

atom rings. This configuration was proved to be 

the densest packing possible for the chalcogens 

atoms linked with arsenic. 

 Every arsenic atom has five valence electrons. 

Three electrons are used for valence bonds with 

three neighboring chalcogens and the other two 

electrons form non-bonding orbitals.

 The chalcogen has 6 valence electrons: two are 

used for bonding with arsenic and the other four 

electrons form two non-bonding orbitals.

11Popescu book, ch. 1.



As-S or As-Se                       

 The arsenic atoms show strong covalent bonds with three chalcogens 

and the chalcogen with two arsenic atoms.

 The electronegativity difference between arsenic and chalcogens 

corresponds to a maximum value of the bond ionicity of ~6%. 

 The arsenic chalcogenides could be considered as molecular crystals 

where the molecules are extended to infinite in two spatial directions.

 The interaction forces between layers are hundred times weaker than the 

binding forces within the layers.

12Popescu book, ch. 1.



As-S glass

Feltz book, p. 206.

 AsxS1-x glass is known to 

form for 0.05 < x < 0.45. 

 For low S concentration, the 

chain fragments and rings 

are interconnected by As, 

forming AsS3/2 units. 

 The higher As content, the 

shorter the average length 

of S chains between the 

[AsS3] units.
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As-S glass
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As-Se glass                      

 Much wider glass forming range of 

AsxSe1-x glass than the sulfide glass. 

 For x < 0.4, glass structure is very 

similar to that of As-S glass with 

analogous composition.

Feltz book, p. 209. 16
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As-S-Se glass                      

Popescu book, ch. 1.
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As-S-Se glass                      



As-Te glass                      

 As2Te3 is the only crystalline form 

in the system  AsxTe1-x. 

 The tendency for glass formation is 

much lower.

 The arrangement of Te atoms in 

As2Te3 is close to haxagonal close 

packing. The gaps are filled by As 

atoms with CN of 3 and 6, leading 

to the formation of ribbons where 

[AsTe6] and [AsTe3] are connected 

with each other. 

 Vitreous As2Te3 forms a continuous 

random network in which trigonal 

AsTe3/2 units predominate.

Feltz book, p. 213.
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Ge-S glass                      

 GeS4/2 units link the sulfur chains in 

a three-dimensional network. 

Feltz book, p. 224.

20Popescu book, ch. 1.



Ge-Se glass                      

 Two glass-forming ranges 

are found, namely 0<x<0.33 

and 0.388<x<0.417, when 

batches of >20 g are cooled 

at 2 K/s.

Feltz book, p. 230. 21
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Ge-Te glass                      

24Okabe and Nakagawa, J. Non-Cryst. Solids 88 (1986) 182.



25

Ge-Te glass                      



[5] Kameda Y, Uemura O and Usuki T 1996 Mater. Trans., JIM 37 1655

[6] Uemura O, Hayasaka N, Tokairin S and Usuki T 1996 J. Non-Cryst. Solids 205–207 189

[7] Sakurai M, Kakinuma F, Matsubara E and Suzuki K 2002 J. Non-Cryst. Solids 312–314 585

[8] Ichikawa K, Kameda Y, Xu Q and Misawa M 1987 J. Non-Cryst. Solids 95/96 185

[9] McGreevy R L and Pusztai L 1988 Mol. Simul. 1 359

[10] McGreevy R L 2001 J. Phys.: Condens. Matter 13 R877

[17] Hirota K, Nagino K and Ohbayashi G 1997 J. Appl. Phys. 82 65

[18] Kolobov A V, Fons P, Tominaga J, Ankudinov A L, Yannopoulos S N and Andrikopoulos K S 2004 J. Phys.:
Condens. Matter 16 S5103 26



0 1 2 3 4 5 6 7

0

6

12

18

24

2 4 6 8 10 12 14

0

15

 a-Ge
50

Te
50

 fit

 Ge1

 Te1

c-Ge
50

Te
50

 fit

 Te2

 Te3

F
T

[k
3

(k
)]

 (
a

rb
. 
u

n
it
)

radial distance (A)
 

 

k
3

(k
) 

(a
rb

. 
u
n
it
)

photoelectron momentum (A
-1
)

2 4 6 8 10 12 14

0

15

30

0 1 2 3 4 5 6 7

0

6

12

18

24

30

 

 

k
3

(k
) 

(a
rb

. 
u
n
it
)

photoelectron momentum (A
-1
)

 a-Ge
29

Te
71

 Te1

c-Ge
29

Te
71

 fit

 Te2

 Te3

F
T

[k
3

(k
)]

 (
a

rb
. 
u

n
it
)

radial distance (A)

a-Ge
65

Te
35

 fit

 Ge1

 Te1

 c-Ge
65

Te
35

 fit

 Ge1

 Te2

0 1 2 3 4 5 6 7

0

6

12

18

24

2 4 6 8 10 12 14

0

15

F
T

[k
3

(k
)]

 (
a

rb
. 
u

n
it
)

radial distance (A)

 

 

k
3

(k
) 

(a
rb

. 
u
n
it
)

photoelectron momentum (A
-1
)

27Choi et al, unpublished results.



 AgI or Ag2Se containing chalcogenide glasses;

 High ionic conductivity up to ~10-1 ohm-1cm-1 at RT

 (AgI or Ag2Se)x(GeSe4 or As2Se3)1-x glasses exhibit two distinct types of  

molecular structures- intrinsic phase separation and microscopically 

homogeneous network.

 P. Boolchand and W. J. Bressor, Nature 410 (2001) 1070.

Ag-Se glass                      

28



 AgI or Ag2Se containing chalcogenide glasses;

 Ternary (GexSe1-x)1-yAgy bulk glasses in the Se-rich region (x<0.33) are 

shown to be intrinsically phase separated with Ag acting as a network 

modifier. The glasses are FICs.

 In contrast, Ge-rich glasses (x>0.4) are homogeneous, wherein Ag acts as 

a network former. These are semiconductors.

 M. Mitkova et al, Phys. Rev. Lett. 83[9] (1999) 3848. 29



• S. Sen et al, Phys. Rev. B64 (2001) 104202.

Ge-As-S glass

 One of the strong covalent ChGs 

 Group 4 and 5 elements together with S and (or) Se

 Ge, Si, As, Sb, and so on

 Obeys the 8-N rule
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Ge-As-S glass
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Ge-As-S(Se) glass



• A.M. Loireau-Lozac’h et al, J. Solid State Chem. 123 (1996) 60.

• S. Sen et al, J. Non-Cryst. Solids 351 (2005) 1710.

Ge-Ga-S and Ga-In-S glasses
Weak covalent ChGs 

 Group 3 elements together with S and (or) Se

 Ga and In do not follow the the 8-N rule

 Sometimes RE containing ChG: Ga-La-S glass
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Journal of Non-Crystalline Solids

Volume 110, Issue 1, July 1989, Pages 89-100 

An EXAFS structural approach of the lanthanum-gallium-sulfur glasses 

S Benazeth, M.H Tuilier, A.M Loireau-Lozac‘h, H Dexpert, P Lagarde and J Flahaut

Abstract

Three La: Ga:S glassy compositions spanning the range of the vitreous region, 

have been investigated by EXAFS (gallium K-edge, lanthanum LIII edge). As a 

first result, the gallium is found tetracoordinated for any composition and the 

GaS4 polyhedra are the glassy former units. The lanthanum modifying cation 

has the same mean surrounding as in the crystalline state, but with more 

dispersed La---S distances (average La---S surrounding = seven first 

neighbors, situated from 2.91 to 2.93 Å). However disordered, this environment 

is well defined. A structural model is then proposed as a covalent network of 

GaS4 tetrahedra, intercalated by the essentially ionic La---S channels. This 

model is close to the modified random network usually presented for the oxide 

glasses.
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Ga-La-S glass

http://www.sciencedirect.com/science/journal/00223093
http://www.sciencedirect.com/science/journal/00223093
http://www.sciencedirect.com/science/journal/00223093
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=
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Ga-La-S glass

Schweizer et al, J. Opt. Soc. Am. B 18 (2001) 1440.


