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A B S T R A C T   

Novel composite material based on silica porous glass as low refractive index matrix and high refractive index 
As2S3 nanoparticles filled in the pores has been made. Chalcogenide nanoparticles were dissolved and the porous 
glass matrix was impregnated in the obtained solution. Subsequently, the solvent was evaporated by annealing 
the porous glass. Various optical parameters of the created composite material are presented in this paper. These 
parameters are based on optical and structural transformations which occur under active illumination and heat 
treatment in such chalcogenide-containing composite and compared with thin As2S3 light-sensitive layers. New 
functionalities may be added this way to the composite, such as illumination and/or thermally driven optical 
parameters. Developing and optimizing the optical properties of the obtained As2S3-porous glass composites can 
be useful for creating 3D optical-structural patterns for different applications such as holographic data storage, 
light modulation, and/or functional, nonlinear optical elements with various parameters for VIS-NIR optics.   

1. Introduction 

Silicon dioxide (SiO2) is known to be the most ubiquitous material in 
optical media. This predominant presence of SiO2 is due to its unique 
physicochemical properties, optical transparency, as well as mechanical 
hardness, heat resistance, electrical strength, optical stability, and 
chemical resistance [1]. One way for further expansion of the silicate 
glass applications is silicate-based porous glasses. 

Porous silicate glass (PG) is a glass with nanometer or micrometer 
pores and is usually prepared by metastable phase separation in boro-
silicate glasses, followed by liquid extraction of one of the formed phases 
[2]. The possibility to be produced with different texture parameters, as 
well as the unique physical properties of the silicate glass matrix, such as 
the optical transparency, mechanical hardness, and heat resistance has 
made PG an ideal material for various applications. The applications of 
porous glasses can be classified into two main groups. The first one 
concerns using PG in material processing, such as material separation or 
membrane reactors [3–5]. For example, in [3], membranes of surface- 
modified porous glass have shown a highly selective separation of hy-
drocarbon gases. In [5], porous glass impregnated with Pd was 
employed as a catalyst for chemoselective hydrogenation reactions. The 
second group of applications investigates the possibility to obtain PG 
composites with desired properties by impregnating PG with different 

substances (metals, semiconductors, liquid crystals) [6–8]. The 
confinement effect in PG represents another interesting research topic 
[7–8]. 

Composite materials based on chalcogenide glasses (ChGs) represent 
an important and growing class of materials due to their promising 
physical and optical characteristics as well as a broad range of appli-
cations [9]. Moreover, ChGs possess unique metastability and, as a 
consequence, they are susceptible to photo structural changes induced 
by bandgap energy illumination [10]. These structural changes are 
accompanied by changes in the optical properties, such as the optical 
absorption edge and refractive index, and they can be reversible, i.e., 
deleted by thermal treatment or illumination. [11–12]. ChGs in the form 
of glasses or thin films have been well-studied [12–13]. ChG films are 
usually obtained either by thermal spraying or by deposition from alkali 
or amine solvent with dissolved ChGs [14–15]. Investigations of poly-
mer composite materials with ChGs were also performed by introducing 
them into polymer solutions with the subsequent preparation of films by 
the spin-coating method [16–17]. 

In [18], nanocomposites based on a mixture of urethane-acrylates 
with As2S3 or As2Se3 were obtained, the photoinduced properties were 
investigated, and a holographic recording of Bragg grating was carried. 
In [19], As2S3 melt was introduced into the porous glass and the optical 
characteristics such as the refractive index, Raman spectrum, and the 
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optical absorption spectrum in the vicinity of the fundamental bandgap 
were investigated. 

Inserting ChG nanoparticles with a high refractive index (n≈2.8–3.2 
in VIS-NIR regions) into the PG can increase the average n of the media, 
realize high modulation characteristics, as well as produce materials 
with high transparency and optical nonlinearity in the NIR spectral re-
gion. The nanoscale dimensions of particles at comparatively low con-
centrations in a glass matrix ensure the low scattering in the VIS-IR 
spectral regions. An additional advantage of such material could be the 
possibility to change the optical parameters of the inserted semi-
conductor chalcogenide glass particles (optical band gap, refractive 
index, and luminescence properties) by special illumination and 
annealing, which gives the possibility to varying the parameters of the 
final optical element [20]. 

In this paper, we present the fabrication route and optical properties 
of light-sensitive nanocomposites based on PG doped with high- 
refractive-index chalcogenide nanoparticles (refractive index about 2.2 
in the vis-NIR region) with new, useful optical properties. Structural, 
optical parameters and light-heat-induced changes were studied in this 
composite and compared to the pure chalcogenide layer. The lumines-
cence of chalcogenide doped PG was also investigated. The lumines-
cence of ChG glasses or deposited thin films was studied before, at low 
temperatures or elevated pressures and mainly in the IR region [21–24]. 
However, the transition to the nanoscale can introduce changes in the 
properties of substances and such studies for ChG are practically absent. 
Such 3D materials based on porous glasses filled with ChG could hold 
promise for applications in different spectral ranges, the VIS-NIR, or 
even the terahertz range [25]. 

2. Experimental details 

2.1. Materials 

For the fabrication of PG, we followed the same procedures as in 
[26]. Sodium-borosilicate DV-1 glass with the composition 7 % Na2O- 
23% B2O3-70% SiO2, heat-treated at 530 ◦C for 70–72 h, then at 465 ◦C 
for three-four hours was used. The glasses were corroded in an aqueous 
HCl solution at a constant temperature of 50 ◦C for about eight days. The 
glass to solution ratio was 1.6/100 g/ml. After leaching, the samples 
were washed several times with distilled water and left to air dry at room 
temperature for two days, and then they were dried at 120 ◦C for two 
hours. 

Small pieces of PG (7 × 10 mm, 3.6 mm thickness) were used. Ac-
cording to [26], the obtained samples have an average pore size of about 
10 nm and a specific surface area ranging from 10 to 300 m2/g. More-
over, we examined the pore volume of the prepared porous glass sam-
ples. Based on the sorption capacity of both water and ethyl alcohol for 
the prepared porous glasses, the pore volume was estimated to form 
about 30% of the total glass volume. 

2.2. Creation of nanocomposite samples 

A simple chemical dissolution method was used for doping PGs with 
As2S3. At the first step, small pieces of As2S3 glass were ground and 
dissolved in propylamine; solutions with different concentrations of 
As2S3 (3.1, 6.0, and 11.0 mg/ml) were prepared. It is known that the 
chains-layered structure of As2S3, breaks in amines solutions into 
amorphous fragments with a dimension less than 1 nm [27]. The next 
step was PG impregnation in these solutions for three-seven days, i.e. for 
different volume concentrations of particles in PG. The solutions were 
placed in the nitrogen atmosphere to avoid possible As2S3 oxidation. 
After the impregnation, the samples were extracted from the solution 
and left to air dry for one hour, and then they were dried at 120 ◦C for 
two-four hours. The obtained glass samples were light yellow colored, 
homogeneous and transparent, and after annealing for four hours at 
120–140 ◦C, the sample’s color turned to light yellow, orange or brown 

depending on the As2S3 concentration (Fig. 1). Such color-changing of 
As2S3 thin films upon irradiation and annealing is well-known [28]. The 
sample mass was measured before and after impregnation to define the 
As2S3 concentration in PGs. 

As2S3 concentration in PGs was calculated from the difference in the 
sample’s mass before and after impregnation and was considered to be 
the ratio of As2S3 mass in PG to the mass of the pure PG (before 
impregnation). As result, four kinds of samples with different concen-
trations were obtained: 1 wt%, 2 wt%, 3.6 wt%, and 3.9 wt%. A sample 
with 3.9 wt% As2S3 concentration was dark brown colored with high 
absorption, therefore could not be studied using the transmission spec-
trum in the visible range. Samples with 1 wt%, 2 wt% were bright 
yellow-colored and exhibited a slight shift in the transmission spectrum 
under the illumination. On the other hand, samples with a 3.6 wt% 
concentration were transparent, orange-colored, and exhibited a large 
shift in the transmission spectrum under additional treatments; there-
fore, they were selected for further measurements and investigations in 
this research. 

The created PG nanocomposites were compared with the thin As2S3 
layer (As2S3-TF) and polymer nanocomposites doped with As2S3 (As2S3- 
P). For the thin layer samples, bulk chalcogenide glasses from the As-S 
system were synthesized in silica ampoules from high-purity (typically 
99.999 %) elements by the melt-quenching method and used for the 
deposition of amorphous layers via thermal evaporation at 1 × 10-6 

mbar pressure; their thickness was 2 µm. The creation technology of the 
nanocomposite samples based on As2S3-P was described in [29]. 

2.3. Investigation of the created nanocomposites 

Optical transmission spectra of the samples were measured in the 
visible-near infrared spectral region by the standard method using the 
Fluorat-02-Panorama spectrofluorometer. As2S3-doped PG samples 
were investigated under illumination with green laser 532 nm KLM- 
532/h/1000, and the annealing of the nanocomposite samples was 
done at 150 ◦C at atmospheric pressure. 

The composition of the created samples was determined by Energy 
Dispersive X-Ray Spectroscopy (EDS) using a Hitachi S-4300 Scanning 
Electron Microscope (SEM) system. The SEM was used for the investi-
gation of the structure of the nanocomposites, while the structure and 
composition were also studied with a Horiba LabRam Raman spec-
trometer. During the work, a 785 nm laser was used as an excitation 
source, and the measurement time for each sample was 10 s (to avoid 
any light-stimulated effects). The excitation beam was focused on the 
sample surface with a 50× lens. Raman measurements were performed 
at several points on the substrate surface (five-seven points). 

The LSM 710 confocal laser scanning microscope (Carl Zeiss) that 
operates in the visible range was used to obtain optical and luminescent 
images of the samples, and to analyze its luminescence properties under 
the excitation at different wavelengths. 

3. Results and discussion 

We expect that the dissolved As2S3 deposited in PGs is in a form of 
nanolayers on the walls of the capillaries. Actually, in a similar experi-
ment, a solution-based material was reported to form nanometer layers 
of amorphous films inside the cylindrical air channels of silica-based 
photonic crystal fiber (PCF) [30]. In the reported work, the existence 
of nanolayers was directly confirmed by cross-section SEM images of 
cleaved pieces of PGs. We suppose, that, if thin films on the walls are 
formed, their thickness can be estimated as follows. 

The average As2S3 layer thickness in PG: 

d =
m

SÂ⋅p
=

0.015
3.43Â⋅10Â⋅0.411Â⋅104

= 1.06nm,

where m = 0.015 g is As2S3 As2S3 mass in PG; p = 3.43 g/cm3 is 
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As2S3 density; S = 10 × 0.411 × 104 cm2 is the specific surface area of 
pores in PG ranging from 10 to 300 m2/g (here the minimum value was 
considered). However, the formation of the nano-grained layer of As2S3 
nanoparticles in the pores is also possible. In both cases, the nano 
dimension influence on optical properties is seen, since a blue-shift of 
optical absorption edge is observed in comparison with thick As2S3 
layers. 

3.1. SEM results 

Scanning EM was used to confirm the presence of As2S3 inside the PG 
pores. Fig. 2 demonstrates a cleaved piece from the PG sample doped 
with As2S3. The dark spots correspond to pores at the surface. This image 
was analyzed to estimate the average pore size which was found to be 
about 23 nm. Moreover, a compositional analysis of the sample was 
conducted to examine the presence of As and S atoms in PG. The pres-
ence of As in PG is well-defined (see Fig. 3), but the presence of S can not 
be confirmed, due to the large overlap between its corresponding peaks 
and O peaks, as well as the destroying effects of higher excitation in-
tensities, necessary to select S element in EDS spectra. 

3.2. Optical parameters 

The optical transmission spectra of pure PG and As2S3-PG samples 
under one cycle of illumination and annealing were measured and 
compared with the transmission spectra of the As2S3 thin layer (Fig. 4). 
As we can see from Fig. 4, the transmission spectrum shifts to shorter 
wavelengths (from curve 2 to 3) under the illumination for 150 min with 

the power intensity of 200 mW/cm2, and it returns almost to its initial 
location after annealing for 90 min at 150 ◦C (from curve 3 to 4). The 
transmission spectra of the As2S3 thin layer were measured in their 
initial state, after 100 min-illumination with the power density of 85 
mW/cm2 and then after additional annealing for 90 min at 200 ◦C. The 
transmission spectrum shifts to longer wavelengths (from curves 5 to 6, 
Fig. 4), and it returns almost to its initial position after annealing (from 
curves 6 to 7, Fig. 4). 

The transmission spectra were used for the calculation of the ab-
sorption coefficient α (Fig. 5). The linear section of the absorption was 
employed for the calculation of the bandgap energy and the clear 
exponential drop for the calculation of Urbach energy for As2S3 in this 
composite before and after illumination (Fig. 5). 

The bandgap energy of the nanocomposite in the as-deposited state 
was found to be 2.43 eV, which is blue-shifted by 0.12 eV compared to 
the bandgap energy of 2.35 eV of vacuum evaporation deposited As2S3 
thin films. The As2S3-PG composite, after illumination, exhibits a 0.23 
eV shift in the bandgap energy to 2.66 eV, and after annealing for 90 min 
at 150 ◦C the bandgap shifts back to Eg = 2.47 eV; however, it does not 
reach the initial state. Urbach energy, after illumination, decreases from 
Eu = 0.313 eV to Eu = 0.304 eV. Urbach energy is known to account for 
the structural disorder, defects in materials and it decreases with Eg 
increasing after ordering. Thus, the photo-induced changes accompa-
nied by the decrease in Urbach energy can be attributed to the decrease 
of the amorphous state and the related density of localized band gap 
states within the As2S3 phase in PG. Such rather large bandgap changes 
towards structural ordering may be connected with oriented in-
teractions between chalcogenide clusters and active pore surfaces. 

A reversible photo-bleaching effect (PB) was observed in As2S3-PG 
composite after illumination and photo-darkening (PD) after annealing 
(Fig. 4). This reversible PB is opposite to the typical PD effect (the 
redshift of the optical absorption edge) observed in chalcogenide 
glasses. Reversible PB was observed before in chalcogenides thin films 
with a thickness less than 90 nm [31] and is considered to be a nanosized 
effect due to the increase of the surface/volume ratio. In our samples, 
since the size of the deposited material is restricted by the size of the 
pores which is in the nanometer range, this can explain the observed 
reversible PB effect as a nanosized effect [31]. However, our experi-
ments were performed at room temperature, different from [31], where 
reversible PB can be observed only above a given temperature, called the 
optical bleaching threshold. Moreover, we also observed a similar 
reversible PB effect in As2S3-polymer nanocomposites (As2S3-P) [29]. 
The As2S3-P nanocomposite undergoes reversible PB upon illumination, 
and the bandgap increases from 2.2 to 2.25 eV. The PB can be reversed 
by heat treatment and the bandgap decreases from 2.25 to 2.08 eV (the 
further decrease in the bandgap energy could be explained by the 

Fig. 1. Image of PG sample (~12x18 mm) before (a) and after (b) impregnation in As2S3 solution (As2S3 As2S3the concentration from left to right 1 wt%, 2 wt%, 3.6 
wt%, 3.9 wt%). 

Fig. 2. SEM image of As2S3 impregnated PG cleaved surface.  
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polymer expansion under annealing) [29]. 
The results for the As2S3-PG composite are presented and compared 

with As2S3-TF and As2S3-P nanocomposite (from [29] in Table 1. (The 
data for As2S3 -TF and As2S3 -P was taken from [29].) 

The following points summarize the differences found by comparing 
As2S3-PG nanocomposite, As2S3-TF, and As2S3-P nanocomposite:  

1- There are differences in the structure of evaporated As2S3 layer, and 
As2S3 in PG. When it comes to the photoinduced effects, the As2S3 
deposited films behave like bulk materials, while As2S3 in PG and 
polymer matrices have a nanoscale structure with possibly different 
bonding defects and the confinement effect. 

2- Both prepared As2S3-PG and As2S3-P composites exhibit the photo-
bleaching effect, which is the opposite behavior of As2S3 in thin films 
deposited by not intensive, comparatively slow thermal evaporation 
in a vacuum (photodarkening).  

3- The initial state of As2S3-PG can not be restored after annealing, 
which means, there are reversible and irreversible changes involved 
in the photoinduced transformations of as-deposited films in pores.  

4- The shift in bandgap energy in As2S3-PG (0.23 eV) is higher than the 
shift in both As2S3-TF (0.07 eV) and As2S3-P composite (0.03 eV). 
This can be ascribed to the high free volume of As2S3 nanolayers in 

Fig. 3. Composition of As2S3-PGs using EDX.  

Fig. 4. Optical transmission spectra: pure porous glass (1), an initial sample of 
As2S3-PG composite (2), an illuminated sample of As2S3-PG composite (3), an 
illuminated-annealed sample of As2S3-PG composite (4), an initial sample of 
As2S3 thin layer (5), an illuminated sample of As2S3 thin layer (6), an 
illuminated-annealed sample of As2S3 thin layer (7). 

Fig. 5. (a) The absorption coefficients versus photon energy, (1) the initial 
spectrum Eg = 2.43 eV, (2) after illumination for 150 min with a power in-
tensity of 200 mW/cm2 Eg = 2.66 eV Eg = 2.66eV , (3) after annealing for 90 
min at 150 ◦C Eg = 2.47 eV (b) Urbach plot for As2S3-PG composite before 
illumination (1), after illumination (2), and after annealing (3). 
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PG, which gives more flexibility for photo-structural transformation. 
Whereas, in the deposited films, to some extent, the stacked-layer 
structure hinders the photo-structural transformation.  

5- The photoinduced changes in As2S3-PG accompanied by the decrease 
of Urbach energy are attributed to the decrease of the amorphous 
state and the related density of localized states within the As2S3 
phase in PG. The orientational influence of active surfaces in pores 
may stimulate this process. 

3.3. Investigation of the nanocomposite structure 

The Raman spectra of pure PG, As2S3-PG composite, As2S3-TF, and 
As2S3-P composite were measured (Fig. 6). 

To start with, the Raman spectrum of As2S3-TF includes the con-
ventional bands that correspond to the arsenic sulfide glasses in general. 
The most intense and broadband around 360 cm− 1 is assigned to As–S 
bond stretching vibrations of As2S3 and As4S4 tetrahedral and contains 
several Raman lines [32]. The bands 150–190 cm− 1 and 485 cm− 1 are 
assigned to the vibrations of S atoms in the S8 rings [33]. The bands 
235–273 cm− 1 correspond to the vibrations of homopolar As–As bonds 
in the realgar As4S4 units [32–33]. All these bands were also observed in 
the spectrum of the As2S3-polymer composite, where the similarity be-
tween the two spectra is clear, mainly due to the rather large, about 
20–30 nm chalcogenide nanoparticles, which may be clusters of smaller 
particles [18]. 522 cm− 1 – the weak band corresponds to the vibration of 
the As4 S4 or As4S6 structures. These structures can form in an amor-
phous glass of arsenic sulfide [34]. 

The 168, 235, 273, and 330 cm− 1 bands assigned to As–As bond 
stretching vibrations and As–S bond stretching vibrations, respectively; 
and the 190 cm− 1 and 485 cm− 1 assigned to the vibrations of S atoms in 
the S8 rings were observed in the Raman spectrum of As2S3-PG. The 110, 
115, 485, 522, and 640 cm− 1 bands represent the contribution of the 

silicate glass substrate to the Raman spectrum, and some of these bands 
were observed in PG spectra as well [35–36]. 

Some differences in Raman spectra appeared in As2S3 As2S3 -PG 
samples: the 408 cm− 1 bands from pure PG disappeared and the narrow 
band at 520 cm− 1 increases strongly. Following the above-mentioned 
model, this may be explained by the orientational influence of active 
pore surfaces, due to interconnections between Si-O groups of pore 
surface and As-S ones in chalcogenide NP. It is also possible, that among 
the photo-induced changes an oxidation process [37] occurs during 
illumination-heat treatment, and plays some role in changing the com-
posite structure, optical properties, but the preservation of typical 
yellow–red colors (see Fig. 1) i.e. band gaps of As2S3 does not refer to it. 
Due to the above-mentioned interactions the wideband at 360 cm− 1, 
which is assigned to As–S bond stretching vibrations, decreases in par-
allel with its shift towards lower, 250–300 cm− 1 frequency range due to 
the possible influence of size- and deformation effects in nano dimen-
sional elements [38]. 

3.4. Creation of structures on the nanocomposites 

We tried to employ these huge photo-induced changes of As2S3-PG 
composite for the holographic recording of diffraction gratings, but 
there was found no trace for any grating. We suppose that the multiple 
scattering in the porous structure results in homogenous illumination of 
the whole sample, and this can be the reason why no specific pattern of 
illumination was recorded. Therefore, to avoid the internal reflection in 
pores, one solution was to fill the pores with some polymeric filler with a 
refractive index close to the PG refractive index. 

The fabrication method of the sample for optical recording is as 
follows: porous glass sample was impregnated for two weeks in a 
monomeric solution of the composition (diurethane dimethacrylate 
(UDMA) 20 wt%, 2-phenoxyethyl acrylate (PEA) 10 wt%, 2-carboxylate 
20 wt%, butyl acrylate 50 wt%) with As2S3 (7.5 wt% of monomer 
mixture) and with Irgacure 784 as an initiator (5 wt% of monomer 
mixture). The monomers were selected in a way that they modify the 
surface of the nanoparticles to blend without aggregation [29]. 

After impregnation, the sample was light yellow colored and trans-
parent. It was irradiated with 532 nm with a power density of 25 mW/ 
cm2 for 75 min to initiate the polymerization process; the sample color 
turned cloudy light yellow. After that, it was heat-treated at T =
120–130 ◦C for 24 h, and its color became dark brown. The grating was 
successfully recorded on the obtained sample with a TEM grid mask 
(Fig. 7), using 532 nm laser light with 200 mW/cm2power density, and 
it was studied by a confocal microscope. 

The influence of photoinduced changes on electron processes in such 
material was investigated by measuring the photoluminescence spectra 
(PL) of the irradiated and un-irradiated regions under the excitation 
with two different photon energies Eex = 2.28 eV and Eex = 3.06 eV 
(Fig. 8). Also, for comparison, the PL spectrum of As2S3-PG filled with 
butyl acrylate and the PL of Irgacure 784 was measured with the exci-
tation energy of 3.06 eV. 

Comparing the PL spectra of As2S3-PG polymer composite and 
Irgacure 784, we can notice that the characteristics of the Irgacure 784 
PL spectrum are presented in the PL spectrum of As2S3-PG polymer; 
however, the main intensive bands of the latter are not assigned to 
Irgacure 784. This observation as well as the similarity in the spectra of 
As2S3-PG polymer and As2S3-PG filled with butyl acrylate prove that the 
origin of photoinduced changes in the PL spectrum of As2S3-PG polymer 
composite is As2S3 but not Irgacure 784 (see Fig. 8). 

The main intensive band in the PL spectra of As2S3-PG polymer 
composite was observed at 2.54 eV when excitation photon energy was 
3.06 eV. The peak intensity of this band was higher for the irradiated 
regions than the peak intensity of the unirradiated regions. The opposite 
effect was observed when the excitation photon energy decreased to 
2.28 eV, the main intensive band found at 2.08 eV and it was higher for 
the unirradiated regions. This observation can be explained by the 

Table 1 
Comparison of the annealing and illumination influence on the bandgap energy 
of As2S3 for different composite.   

As2S3-PG As2S3-TF As2S3-P 

Eg 

(eV) 
Eu 

(eV) 
Eg 

(eV) 
Eu 

(eV) 
Eg 

(eV) 
Eu 

(eV) 

Initial  2.43  0.313  2.35  0.111  2.22  0.33 
After illumination 

532 nm  
2.66  0.304  2.27  0.113  2.25  0.33 

After heat treatment  2.47  0.322  2.33  0.120  2.08  0.33  

Fig. 6. Raman spectrum of pure PG (1), As2S3 As2S3 -PG (2), As2S3-TF (3), 
As2S3 As2S3-P composite (4). 
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creation of optically-induced states in the illuminated regions, with 
excitation energies higher than 2.28 eV. 

4. Conclusion 

In this paper, we have presented the fabrication route of new com-
posite material based on porous glass and As2S3 nanolayers formed on 
the walls of the pores. Several light-induced changes in the optical 
properties, such as the change in transmission spectra, optical band gap, 
and luminescence have been observed and discussed. This composite 
exhibits a giant reversible photo-induced bleaching effect up to 50% of 
optical transmission in the selected spectral range accompanied by an 
increase in the bandgap energy by 0.23 eV. The prepared As2S3-porous 
glass and As2S3-polymer composites exhibit the photo-induced effect, 
which is the opposite behavior of As2S3 in thin films deposited by 
thermal evaporation in a vacuum (photo-darkening). The initial state of 
the As2S3-porous glass composite can not be restored after first 

annealing, which indicates that there are reversible and irreversible 
changes involved in the photoinduced transformations of films in pores. 
These changes can be attributed partially to the known effects of 
reversible-irreversible structural and optical effects in As2S3 and 
partially to the confinement effect by the nanosized pores of the porous 
glass. The last may be connected with orientational actions of pore walls, 
resulting in connections between Si-OH groups of silicate and As-S 
groups of chalcogenide. 

Structural investigations and compositional analyses have been 
performed using SEM spectroscopy and Raman scattering measurements 
to confirm the presence of As2S3 inside the porous glass. The photo- 
induced changes have been successfully employed for model grid 
pattern recording using green laser light, and the obtained grid pattern 
has been investigated by confocal microscopy. The developed material 
possesses additional functionality: photoluminescence in the visible 
spectral range. 

Developing and optimizing the optical properties of the As2S3-porous 

Fig. 7. Confocal microscope image of the grid recorded through a TEM grating mask in the reflected (left, irradiated with a 543 nm laser) and transmitted (right, 
white light) mode. 

Fig. 8. Photoluminescence spectra of As2S3-PG polymer composite with two different excitation energies: 3.06 and 2.28 eV (1 and 3 - irradiated region, 2 and 4 - 
unirradiated region), As2S3-PG filled with butyl acrylate (5), and Irgacure 784 (6). 
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glass composites can be useful for creating 3D optical-structural patterns 
with variable optical parameters, high refractive index, and lumines-
cence for different applications such as holographic data storage or 
functional optical elements for visible-infrared optics. 
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