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Optical properties of heavy metal oxide glasses
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Abstract

Remarkable thermochromic and photochromic properties and changes in color for the pglasses and
glass-ceramics of BizO: based heavy-metal oxide system were investigated. The bismuthate glasses containing
CdQO showed both thermochromism and photo-chromism. The bismuthate glasses crystallized to varous
metasiable states with various colors by heat-treatments. The X-ray photoelectron spectroscopy measurement
indicated that the Ols binding energics of TeQ: and BizO: based pglasses were considerably lower than the
values of the silicate and boratc glasses, and their full widths at half maximum are very narrow and it was
impossible to distinguish between bridging and non-bridging oxygens. These features of the heavy-metal oxide
glasses mainly arise from both the nonbonding pair electrons and delocalization of electrons in the outermost

shell of Te* ", Bi”~ and oxygen ions,
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Fig. 1 Optical absorptien coefficient as
a function of photon energy for 77
Bi0, 5-14Cd0+2A10, s glass at vario-
us temperatures,
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Fig. 2 Absorption edge at room temperature
and temperature coefficient as fupc-
tions of Bi0.. : content for xBi(. -
+(91-x00d0-9410, : glasses,
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(2} original glass {b) annealing in O at 590 °C for Gh
Fig. 3 Optical transmission spectra of 13
Bi(,. :-43Cd0«44A10,, 5 glass before
(Tf) and after (Td) irradiation
(3min) of the darkening light and
effect of annealing condition.
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Fig. 4 Optical transmission curves of 74
Bi0.. s+17Cd0-8A10,. s glasses obiain-
ed by melting at various temperatur-
es:{1) 1080 °C, (2) 1100°C, (331200
°C. (4) 1270°C, (5) after anmealing
treatment of glass (4) at 370 °C for
20h,



EANBIONTHRENE AL, 1270°CTR
BIREONE D EOERE (R (D) K-
foo 1200CLIETHEREM LA S REH S AER
BT (A70°C) TH~208MRe 2T &,
WEFROBRAOEVWEBOA T AE -,
iR BT (DOOH = 22 (370°C, 20
WNLABEOHEERRY FWTH S,
BI5iclis OMMIEREGTHRILAAT S X
FUHTZ 2 LTI v 7 ROEBROETERY,

Fig. 5 Colora of glass-Ceramics prepared by
various heat treatments.
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Distorted BiQj octahedron
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Fig. & Schematic representation for formation of dangling bond, Bi%** .

metailic Bi and

colour changes after heat treatment. {(1)Formation of dangling bond and Bi®",
{2) Formation of metallic Bi as less 0 vacancies and holes. (3) Removing the
defects. (4) Formation of transparent glass-ceramics.
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Fig. 7 01s photoelectron spectra for (a)
xLi:0-(100-x) TeQ, and (b) 35L1.0-65
Bi.0s glasses. Small peak at 531eV
in (b) is due to CO* " contamination
on the glass surface.
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Fig.8 0ls binding energies for various
binary alkali glasses. When the Ols
peak was separated into two compo-
nents assigned to BO and NBO the
mean binding energy weighed by BOls
and NBOls peak areas was plotted,
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Table 1 Chemical shifts of Lils for some
lithiva binary glasses.

Glass composition  Binding energies of Lils /eV
30L:,0 « 70B,04 55.8
33.3Li,0 « 66.7810, 553
30Li,0 - T0TeOy 54.3
35Li,0 - 65Bi,04 53.7
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