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Non-crystalline chalcogenides revealed their remarkable structural, 

electronic, optical properties and large functionality, and has attracted 

significant attention, representing an important scientific and technological 

challenge. In addition to their intrinsic infrared properties, they offer wide 

possibilities in domains such as information technologies (optical data 

storage, ultrafast optical transmission and information processing), 

photolithography, renewable energy technologies, medicine, thermal imaging, 

sensing and biosensing etc. thanks to the advantageous combination of 

infrared properties, optical activity, structural photosensitivity and high third-

order optical non-linearity. The local structural changes and possibility of 

selective modifications of the material properties can lead to great advances in 

modern photonics, nanophotonics and nanofabrication technology. During the 

last few years vast effort was focused on investigation of ultrathin 

chalcogenide films and surface nanolayers in the context of surface states, 

surface morphology, atomic structure, photo-transformations, induced mass 

transport, temporal degradation etc. 

We report the results of in-situ investigation of light induced 

transformations occurring in As-S chalcogenide nanolayers by means of 

synchrotron radiation photoelectron spectroscopy. The surface enhanced 

Raman spectroscopy were also used in order to elucidate the origin of 

reversible laser assisted structural modification. To facilitate interpretation of 

the experimental spectra the density functional theory (DFT) molecular 

orbital (MO) energy and Raman spectra calculations of different As- and S-

centered structural units (s.u.) and As4Sx(x=3-5) molecules were performed. 

The amorphous AsxS100-x (x=40,45,50) nanolayers (thickness ~10 nm) were 

prepared in-situ by thermal evaporation of corresponding glasses onto pre-

cleaned crystalline Si (111) substrates. Thermal annealing was performed at 

temperature of ~382 K. Laser irradiation was carried out using a 405 nm 

(3.06 eV) diode laser with intensity of ~20 mW/cm
2
. The spherical 20 nm Au 

nanoparticles were used for enhance of Raman signal. Photoemission As 3d 

mailto:holomb@gmail.com


71 
 

and S 2p spectra of As-S nanolayers show that both the local structure (short 

range order) and the atomic composition of the sample are affected by cycled 

thermal annealing and laser irradiation treatments. In general, the 

concentration of As is increasing systematically by ~2 % laser irradiation. The 

annealing lead to establish of equilibrium atomic concentration. This process 

is reversible in " annealing" and "irradiation" cycles (Fig. 1A, left side). 

 
Fig. 1. (Left) Reversible changes in atomic As and S concentrations of AsxS100-x nanolayers 

in annealing-irradiation cycles (A) and corresponding changes in populations of 2S-As-As 

(B) and S-As-2As s.u. (C). (Right) Simulated density of states in the region of As 3d 

spectra of As4Sx molecules (SVWN5/aug-cc-pVTZ): photosensitive r-As4S4 (1) and p-

As4S4 (2) isomers (A), As4S3 (3) and As4S5 (4) cage-like molecules (B). 

 

The detail analysis of the As 3d spectra show that the observed changes 

are related with the transformation of local structure of As-S nanolayers: the 

concentration 2S-As-As s.u. (As connected with two S atoms and one S atom) 

and S-As-2As s.u. (As connected with one S atom and two S atoms) is 

increasing after laser irradiation (Fig. 1B and C). The first s.u. is a building 

block of photosensitive realgar (r)-As4S4 molecule while the S-As-2As s.u. is 

characteristic s.u. of pararealgar (p)-As4S4. A quantitative analysis of 

photoelectron spectra of As-S nanolayers used together with the calculated 

As 3d spectra of As4Sx molecules (Fig. 1, right side) let us to distinguish 

between the molecules involved in the laser induced process. The surface 

enhanced Raman spectra of annealed and laser irradiated As-S nanolayers and 

the calculated Raman spectra of r- and p-As4S4 support the interpretation of 

the photoemission spectra. In addition to p-As4S4 molecules the concentration 

of r-As4S4 molecules after laser irradiation increases too. This finding can be 

associated with "molecular diffusion" caused by laser assisted bond breaking 

followed molecular rearrangement and can be the key to understand the 

mechanism of so called optically induced mass transport effect. 
  




