Linards Skuja 
email: skuja@latnet.lv
  
Nadège Ollier 
email: nadege.ollier@polytechnique.edu
  
Optical properties of chlorine-and oxygen-related defects in SiO_2 glass and optical fibers

Photoinduced processes involving chlorine molecules in synthetic silica were studied. Interstitial Cl 2 in SiO 2 are prevented from VIS/UV photolysis by cage effect. However, they react with oxygen interstitials yielding photosensitive ClClO molecules absorbing at 264nm.

Chlorine impurities are nearly omnipresent in synthetic silica glass, manufactured from SiCl 4 , both in forms of SiCl groups and interstitial Cl 2 . Attenuation band at 328 nm in commercial "dry" optical fibers is due to the lowest singlet transition in Cl 2 , which is dissociative, however, Cl 2 is preserved by cage effect. A detailed luminescence/Raman study of Cl 2 in silica was recently reported [START_REF] Skuja | Luminescence and Raman detection of molecular Cl2 and ClClO molecules in amorphous SiO2 matrix[END_REF], and a Raman band at 954 cm -1 , indicating a formation of dichlorine monoxide molecules ClClO was found in excimer laser irradiated glass.

Matrix isolation and gas-phase studies of Cl oxides indicate that they have strong UV optical absorption (OA) bands in the 250 nm region [START_REF] Johnsson | The UV and IR spectra of the ClClO molecule[END_REF]. This spectral region is important for optical applications of silicaoptical elements and fibers, however, the origins of the absorption there are complex, and are still not sufficiently understood. It is known that intrinsic defects: oxygen dangling bonds ("NBOHC"), peroxy radical (POL), divalent Si ("SiODC"), silicon dangling bonds (E'-centers) and interstitial ozone all contribute to OA there. However, the possible contribution of chlorine oxides to this spectral region has not been considered. This work reports effects of chlorine presence on optical absorption and luminescence in silica.

Synthetic silica samples containing ≈10 18 /cm 3 interstitial Cl 2 molecules, 4×10 17 interstitial O 2 /cm 3 and 4 × 10 16 SiOH/cm 3 were iradiated by The peak absorption cross section σ of ClClO (1.3×10 -17 cm 2 ) [START_REF] Johnsson | The UV and IR spectra of the ClClO molecule[END_REF], is 50× larger than σ for Cl 2 molecule (2.6×10 -19 cm 2 ) . However, the recovery of Cl 2 OA band amplitude on destruction of 264nm band is ≈8× larger than suggested by the ratio σ ClClO /σ Cl2 . Another isomer of dichlorine monoxide ClClO, the ClOCl molecule has similarly placed OA band with σ≈5 times smaller [3]. This suggests that both isomers where formed. Transition between these two isomer forms can be initiated by 266nm light [3].

In samples containing both Cl 2 and interstitial O 2 molecules, near infrared luminescence of singlet O 2 molecules at 1272 nm were observed with 300-400 nm excitation. O 2 has no OA bands there. It is excited by energy transfer from Cl 2 to O 2 molecules, indicating spatially close positions of (at least part of) O 2 and Cl 2 in silica network.
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  F 2 excimer laser (157nm). Irradiation caused growth of optical absorption band at 258nm, slight decrease of the Cl 2 band at 328 nm. Raman difference spectra showed a sharp band at 954 cm -1 , indicating a creation of interstitial ClClO molecules [1]. Subsequent isochronal thermal annealing at 200C eliminated a component at 258nm (fwhm 0.8eV) which can be attributed to interstitial ozone (O 3 ), without affecting the Cl 2 OA band or ClClO Raman band intensities. Annealing step at 400C destroyed a strong OA band at 264 nm (fwhm=1.04 eV), caused a partial recovery of Cl 2 absorption band and fully destroyed the 954 nm Raman band. The spectral position and fwhm of this laser-induced 264 nm optical absorption band nearly coincide with those of oxygen dangling bonds (NBOHC's). However, the intensity of the characteristic 650 nm photoluminescence band of NBOHCs did not correlate with the changes in OA intensity, indicating different origins. The anticorrelation with the 954nm Raman band and the recovery of Cl 2 OA band strongly indicate, that this 264 nm band is due to ClClO molecules in silica, created by trapping of mobile interstitial O atom by Cl 2 molecule in SiO 2 cage: Cl 2 + O 2 --ħω 7.9eV → O + ClClO (264 nm optical absorption, Raman band)