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Abstract

A similarity in position's, shape's and width's
at half-maxima of the visible induced bands in oxidized
soda-silica glass and smoky gquartz has supported the
view that the bands at about 1.9 eV and 2.58 eV in smoky
gquartz are not related to substitutional aluminium in
the quartz structure as it was reported earlier., This
has been further substantiated by the development of
a band at about 3.0 eV in smoky quartz whose intensity
correlates with the wvisually observed smoky color. It
1s believed that the two bands Hg and HE in irradiated
soda-silica glass as well as the two bands A) and A3
in smoky quartz have the same origin related to

paramagnetic oxygens in the silica structure.

Introduction

Several investigators have studied the optical
absorption caused by x-irradiation in a large numbexr
of simple soda-silica glasses. Smith and Cohen (1964)
studied the coloration produced by x-irradiation in highly

pure oxidized soda-silica glasses. Gaussian resolution

. -

of the induced absorpticn épectra showed three absorption
maxima at abouﬁ 1.96 eV (632nm), 2.7 eV (460nm) and 4.1-
eV (302nm). The bands were attributed to sites introduced
to the glass network where electrons cor holes could be

trapped.
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By studing the effects of Ce3t and Ce4t in the
oxidized soda-silica glasses, Stroud et. al. (1966} were
able to show that the wvisible bands were due to trapped
holes, while the other bands in the near ultra-violet

o (at about 4.0 and 5.27 eV) were assigned to trapped

electrons. The same conclusions were reached by Mackey

et. al. {1966, 1970), who assigned the two centers at
1.99 ev and 2.7 eV to two distinct trapped holes H"j and

+ .
Hy which proved to have a common structural precursor.

Color centers were also observed and reported in
natural smoky quartz and irradiated colorless quartz

by many investigators. Two optical absorption bands,

designated A; and Ap about 2.0 eV (620nm) and 2.7 eV
(460 nm) respectively, were usually assigned to the smoky
color produced by x-irradiation of naturally colorless
quartz. The &) and Az bands were attributed to an aluminium
atom replacing a silicon atom in the quartz st%ucture
with an alkali or hydrogen in a nearby intersitial location
providing charge halance (Griffiths et.al, 1955; Mackey

(1963).

Nassau and Persoctt (1975, 1977} performed a series
of irradiation and heat treatment experiments on a large
number of natural and synthetic gquartz. In some of the

studied samples, the Aj; and A; optical absorption bands
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were present without any smoky color. The smoky color,
however developed upon further irradiation and was
accompanied by a new absorption band A3z at about 2.9
ev (427nm) whose intensity correlated with the
substitutional aluminium content, and an ESR signal due
to substitutional aluminium. Accordingly, the authers -
suggested that the smoky «coler in quartz due to
substitutional! aluminium was associated with A3 optical
band at 2.9 eV rather than the A; and Az bands preoposed

earlier.

The purpose of the present study is to investigate
the correlation if any, between the +two induced hole
centers ﬂz and H;- in irradiated soda-silica glass and
the visible induced centers in crystalline silica, and

to assign models for the various present bands.

Experimental
Soda-silica glasses were prepared using ultra-pure

sodium carbonate ({Alpha grade) for Naz0 and corning

purified fused silica for S5i0;.

Batches were prepared to yield glasses of the

composition Nag0. 3.0 Si0j.

v

The batch constituents were then throughly mixed
and melted in a Pt-Rh crucible in a high temperature

pot furnace with Kanthal elements. To reduce the
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volatilzation losses, the furnace temperature was slowly
raised and then maintained at 1200°C for the hour, after
which the melt was allowed to cool gradually to the room
temperature. The glass samples were then ground and
carfully polished, cerium oxide being used to obtain
the final highly polished surfaces for optical

measurements.

The natweral smoky quartz sample was a Brazilian

crystal.

Optical spectra were taken at room temperature by
means of a recording spectrophotometer in the range 1

to 6.0 eV.

The specific absorbance in cm~1, &= (%) log; 4 (Io/I),
where t is the sample thickness in com., was calculated
without reflectance correction. X-irradiation experiments
were carried out at room temperature at tube settings

of 45 KV and 35 ma.

A curve resolver, a modified analog computer, was
used to resolve the bands. Band parameters, viz., width
at half maximum with absorption maximum (*m) and energy at
maximum absorption band positions were obtained Ffrom

the resolved absorption curves.
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Results and Discussion

Figure (1} shows the optical absorpticn spectra
of Napy0, 3.05i02 glass melted under cxidizing conditions
prior to and after 30 mins, of x-ray irradiation. The
unirradiated glass was colorless and showed no absorption
bands in the wvisible region of the spectrum. The effect
of x-irradiaticn on the absorption spectrum is best
illustrated by a "difference spectrum. This spectrum is
cbtained by subtracting the spectrum taken befcre
irradiation from the one measured after irradiation and

is referred to as the induced spectrum.

Figure (2) shows the induced spectrum of the oxidized
soda-silica glass together with Gaussian resclution for
the absorption bands. The absorption 1is reselved inte
three bands at about 1.98, 2.68 and 4.0 &V {(widths at
half-maxima are 0.5, 1.08 and 1.16 eV respectively) being
characteristic of oxidized soda-silica glasses. The
absorption band positions are in proper agresment with
those reported by Mackey et.al. {1966, 15%70). As was
mentioned earlier, the bands H§ and H; {(1.98 and 2.68
eV) were assigned to two distinct hole centers, while

the band@ E3 (4.0eV) was assigned to a trapped electron.

Figure (3) 1llustrates an approximate gaussian

resolution for an irradiated natural Brazilian smoky
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guartz. A striking similarity in band positions and shapes
was observed between the A)} and Ay bands at 1.9 and 2.58
induced in irradiated natural smoky quartz and the bands
at about 1.98 and 2.68 eV induced in irradiated sodium
silicate glass. The slight differences in positions and
widths at half-maximum between the two spectra as presented
in Table (1} were nmnot entirely unexpected. These

differences can be interpreted in view of the regular

arrangement of the 5iQ4 tetrahedron in the case of guartz

- - : compared to the random network on glass.

Table 1
Comparison of Band Parameters in Smoky Quartz

to those in Soda-5ilica Glass

Absorption Smoky Quartz Maz0. 305i03 Glass
. Band
! Peak Width at Peak _Width at
I position half-max. position half-max.
! ev eV ev eV
]

A] or H} 1.9 0.7 1.98 0.5

A, or Hj  2.58 0.8 2.68 1.08

The band at about 3.0 eV in smoky gquartz resembles

the A3 band observed by Nassau and Prescott (1978} with
peak position varying between 2.58 and 3.1 eV, and width

at half-maximum varying between 1.3 and 1.7 eV. They
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attributed the half-maximum varying between 1.3 and 1.7
eV¥. They attfibuted the changes in the band pasitien
and width to non-equivalent of silicon sites by aluminium.
The positions and widths at half-maxima of the gaussian
resolved bands that provided satisfactory fit in smoky
guartz together with those given by Nassau and Prescott

are given in table 2,

Tabla (2}
W
Positions and width at Half-maxima ["2-]-) of
Appproximate Gaussian Resolved Bands in Smoky Quartz
as Compared to those given by Wassau and Prescott

{1875, 1977 and 1978).

The study Nassau and Prescott
Absorption
band band
band Position Hy Positiaon W,
Ay 1.9 0.7 1.8 ' 0.7
Ao 2.548 0.8 2.5 0.8
Aj 3.05 1.1 2.85-3.1 1.3-1.7'
B 3,98 1.28 2.9 1.2

c 5.0. = -0 -

The observed similarity of the Ay and Az bands ‘in
- smoky quartz and the HE and Hf bands in scda-silica glassh

strongly supports HNassau's and Prescott's conclusion
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regarding the A} and A; bands and their non-correlation
te the substitutional aluminium hole centers in the gquarcz
structure. This is further substantiated by the development
of the band at 3.05 eV in the absorption spectra of smoky
quartz. The intensity of this band increased in accordance

with the intensity of the smoky coler.

Conclusion

The H3 and Hp absorption bands in x-irradiated soda-
Silica glasses and the A]} and 27 bands in smoky gquartz
may be associated with a defect in the silica structure

which persists even when the long range order is destroyed

on transition from the crystalline lattice to the more
random vitreous state. It is well known that the
introduction of an alkali into the silica network breaks
:~ up the siliconoxygen bond forming one non-bridging oxygen
for each alkali ion. Puring irradiation this defect losses
an electron and results in a trapped hole ceanter,; with
the hole restricted to the non-bridging oxygen. The
released electron can be trapped in a nearby precursor
defect which comprises an electron trap, or the Nat ion
can trap the released electron and become a neutral atom.
S5ince the sodium atom is sufficiently small, it is free
to migrate through the network tc¢ an electron-trapped

defect. This defect may accept the charge and the sodium

= atom becomes an ion again. However, that the two centers
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Fig.(1 ):The opticai absorption spectra of sodium silicate glass
melted under oxidizing conditions before and af ter

30 mintes x_ray irradiation.(sample thickness 0.09 cm).
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Fig{ 2) Approximate gaussian resolution of the induced absorption
spectrum of sodium silicate glass.
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Fig.( 3 ). Approximate gaussian resolution of the induced

absorption spectrum of naturc!
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H-; and H; are transitions of the same center is unlikely
in the 1light of earlier observation by Mackey et. al.
{1970} to the effect that their intire ratio varies
strongly during the coloring and bleaching processes,
and that their rate of annihilation varies with increasing

L the titanium concetration in the glass.

We can, therefore, consider the idea that the two
centeérs differ in the number of non-bridging oxygens
as suggested by Schreurs (1967). We may also suspect
o jtha-:t the origin of the two bands in smoky quartz is related

to paramagnetic oxygens similar to their origin in glass.

It is obvious, however, that further studiss must be
carried out to clarify this problem. It would be helpful
in investigating the nature of these bands in guartz,
i to illuminate the samples at low temperature with light
: that falls mainly in the 1.98 eV region, and study the
variations in the intensity ratio of the two hands with

i
1
i : further x-irradiation and/or bleaching.
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