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Photofunctionalization of silica glasses by doping with
nanocrystals
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Optical functionalization of silica glasses was explored by employing solution phase synthesis, aiming at precise
control of local structure around optically active elements like photoluminescent centers. A new synthetic route of
bulk silica glasses has been developed: this method can avoid the long processing time as well as fracture during
drying and sintering, and does not need additives such as drying control chemical additives (DCCAs). Then,
dehydration by fluorine doping as well as doping by rare earth ions and control of their coordination environment
were examined. Methods to prepare monolithic transparent silica glasses containing fluoride nanocrystals and silica

glasses doped by rare earth ions homogeneously at high concentrations have been successfully developed.
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Fig. 1. Dependence on H;O/TEOS ratio in solution after the 1st mixing of the fraction of ethoxy groups attached to silicon,
calculated by least-squares fitting of the Raman band at ~1100 cm™ with a linear combination of the Raman bands of
TEOS and ethanol. The phase separation occurs at H;O/TEOS <2.0, at which the fraction of residual ethoxy groups
becomes large. Inset shows an example of the peak fitting
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Fig. 2. Absorption spectrum of a silica glass sample prepared from the ethylenediamine system using 5.2 g of TEOS. Inset
shows photograph of the glass sample and a dried gel prepared at the same condition.
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Fig. 3. Infrared absorption spectrum, Raman spectrum, and photograph of a sol-gel derived fluorine-doped silica glass. The
concentration of SiOH groups in this sample was as low as ~10'” cm™ and the peak is very small.
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Fig. 4. Green upconversion photoluminescence of a silica glass doped with (La,Er)F; nanocrystals under infrared laser light
illumination. The photoluminescence is not observed in a LaFs-free sample doped with Er’" ions at the same
concentration (the violet-colored optical path corresponds to infrared light detected by digital camera), indicating that
the nonradiative transitions are greatly suppressed by incorporation of Er** ions in LaF; nanocrystals and therefore two-
photon excitation, which is usually difficult, is realized.
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Fig. 5. Green photoluminescence of silica glasses doped by Tb* ions with Tb** to Si ratio of 0.1, 0.5, 1, and 2% (0.3, 1.4, 2.7,
and 5.3% in Tb,O; weight fractions, respectively) observed with mercury fluorescent lamp illumination.
Photoluminescence intensity increases monotonically with an increase in the concentration of Tb*" ions, suggesting that

the dispersion of Tb* ions is good and the influence of concentration quenching due to the aggregation of Tb*" ions is
small.
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Fig. 6. Photograph of a dried precursor silica gel and a glass doped by Nd** ions with Nd** to Si ratio of 1%, and optical
absorption spectrum of the glass.
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