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Abstract – Visible photoluminescence (PL) was observed in 
binary g-As2S3, technologically modified g-GeS2(TiVj) and ternary 
glasses along (As2S3)x(GeS2)1-x line. PL maximum in g-As2S3 at 2.43 
eV was assigned to band-to-band transitions and its position is in 
good agreement with value of optical band-gap edge absorption 
(Eo=2.4 eV). It is suggested that the peak at 2.2-2.3 eV in g-
GeS2(TiVj) and GeS2-based ternary glasses may be attributed to 
presence of GeOx species. Complex PL peak at 2.6-2.7 eV in GeS2-
based glasses was identified with germanium sulfur sites. 

I. INTRODUCTION 
Recently the PL results presented in [1-3] show that 

visible luminescence of the nanostructured Ge thin films 
originated from the germanium oxide. Nanostructured 
chalcogenide glasses (ChG) are known to be susceptible 
to oxide impurities [4]. The extrinsic absorption in Ge-
containing ChGS can be caused by non controlled GeO 
and GeO2 impurities [4]. Presented here new results of 
experimental investigation of Ge-free binary g-As2S3, g-
GeS2 glass and ternary (GeS2)x(As2S3)100-x  glasses at high 
energy of PL excitation might add new information about 
the nature of luminescence in nanostructured materials. 

 

II. MATERIALS AND METHODS 
The binary and ternary glasses were prepared by direct 

synthesis from appropriate amount of the  elements with 
5N purity using  a  standard method. Than the g-GeS2 
samples for PL measuring were synthesized by melt 
quenching from different temperatures ranging from 1173 
K (T1) to 1473 K (T4) and quenching rate from 100 K/s 
(V1) and 150 K/s (V2) (hereafter be denoted TiVj). The 
samples were excited by cw laser illumination of 3.03 eV. 
An exiting diode laser scattering was filtering by cut-of 
filter at E>2.75 eV. To study the light absorption of these 
glasses by convenient method, transmittance and 
reflectance spectra have been used to extract the 
absorption coefficient (α). 

 

III. RESULTS AND DISCUSSION  
When the bulk glass of g-As2S3 with inclusion of 

realgar-type As4S4 molecules was chosen [5,6] it gives in 
PL spectrum an intensive narrow symmetric PL signal 
which maximum is centered at E1=2.43 eV with low 
energy side band at E2=1.7 eV (Figure 1). The excitation 
energy (3.03 eV) was higher than optical band-gap 

energy (E0) of g-As2S3 (E0=2.4 eV). The position of PL 
maximum E1 is in good agreement with value of optical 
band-gap edge absorption E0 in region of Tauc-rule 
absorption (Figure1) and LUMO-HOMO energy width of 
12-member ring based on AsS3/2 pyramids (ΔE=2.41 eV) 
[7]. Therefore we conclude that luminescence E1 in g-
As2S3 originates from band-to-band transitions. 
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Figure 1. PL and edge absorption spectra of g-As2S3: 1,2 - PL; 3 - edge 
absorption. 
 

The position of a good separated low intensive wide 
band near E2=1.7 eV is in excellent agreement with the 
position of intensive PL band in PL spectrum of natural 
crystal realgar β-As4S4 [8]. Raman scattering measuring 
performed by varying of excitation photon energy 
combined with computer simulation experiments in order 
to obtain detailed images of structure of g-As2S3 has 
shown existing of realgar-type molecules As4S4 in g-
As2S3 [6]. Therefore, we consider in first approximation 
that E2 maximum could be connected with realgar-type 
As4S4 molecular inclusions in g-As2S3. 

Edge absorption spectra of g-GeS2(T2V2) and g-
GeS2(T3V2) together with their PL spectra are shown in 
Figure 2. PL spectra of g-GeS2(TiVj) have on high energy 
side of wide band almost the same peak position near 
E*1=2.6-2.7 eV, shoulder near E*2=2.2-2.3 eV and the 
tail of each the spectrum is extending beyond 2 eV. The 
peak position will be indicated E*1 and E*2 hereafter. 

High energy E*1 peak position is corresponding to 
steep rise of the absorption in range of Urbach edge 
absorption. In order to determine the origin of the low 
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Figure 2. PL and edge absorption spectra: 1,4 - g-
GeS2(T3V2); 2,3 - g-GeS2(T2V2) 

energy E*2 photoluminescence spectra of GeS2(TiVj) 
glasses the luminescence spectra from ternary 
(As2S3)x(GeS2)1-x glasses having various Ge to As ratios 
were examined (Figure 3). With the shift of the optical 
band gap of (GeS2)x(As2S3)100-x to lower energy by 
decreasing x [5], E*2=2.2-2.3 eV peak did not change 
position (Figure 3) but E*2 intensity decreases with 
increasing arsenic content, which indicates that the E*2 
luminescence in GeS2-based glasses could be associated 
with Ge-containing centers. It would be more reasonable 
to ascribe this peak to presence of GeOx species like in 
previous PL studies of nc-Ge [1-3]. The average 
concentration of oxide impurities in the structure of Ge-
containing chalcogenide glasses may be around 10-3 mol. 
% [4,9]. 
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Figure 3. PL spectra of (As2S3)x(GeS2)1-x glasses: 1) x=0.1; 2) x=0.2; 3) 
x=0.3; 4) x=0.4; 5) x=0.6; 6) x=0.7; 7)  x=0. 
 
     Luminescence of unknown origin peaking near 
E*1=2.6-2.7 eV overlaps with E*2=2.2-2.3 eV on its high 
energy side (Figure 2 and 3). High energy PL peak E*1 is 
lying in the region of exponentional part of edge 

absorption of binary (Figure 1,2) and ternary glasses 
[5]and could be connected with band-to-band transition. 
We suggest that this high-energy emission could be due 
to the presence of some types of GenSm nanoclusters in 
native matrix of GeS2-based glasses. This suggestion 
based on our findings of increasing intensity of bands 
connected with 4-member rings in resonant Raman 
spectra of g-GeS2 [10]. LUMO-HOMO energy gap for 
four-member ring is near 3 eV and it is very close to 
energy of excitation PL of investigated wide band 
glasses. Role of closed clusters in processes of 
luminescence in ChGS was theoretically analyzed in [11]. 
Now experimental investigations of energy structure of 
wide band glasses are in progress. 
 

IV. CONLUSION 
We observed visible photoluminescence in wide band 

gap binary and ternary chalcogenide glasses. The position 
of PL maximum in g-As2S3 is in good agreement with 
value of optical band-gap edge absorption E0=2.4 eV. We 
assumed that 2.2-2.3 eV visible PL might arise from 
GeOx impurities in the structure of GeS2-based glasses. 
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