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Abstract
The selective annealing of point defects with different activation energies is studied, by
performing sequences of thermal treatments on gamma irradiated silica samples in the
temperature range 300–450 ◦C. Our experiments show that the dependence on time of the
concentration of two irradiation induced point defects in silica, named ODC(II) (standing for
oxygen deficient centre II) and the E ′

γ centre, at a given temperature depends on the thermal
history of the sample for both of the centres studied; moreover in the long time limit this
concentration reaches an asymptotic value that depends on the treatment temperature alone.

These results suggest the existence of a distribution of the activation energies of the reaction
process responsible for the annealing of the defects investigated, intimately related to the
intrinsic disorder of the amorphous lattice. Furthermore, our data show that the thermal
treatment can modify this distribution of activation energies and as a consequence the thermal
properties of the centre itself.

1. Introduction

Amorphous silicon dioxide (a-SiO2), or silica, is usually
considered a model system for the study of the properties of
amorphous materials. This fact, together with the wide use
of this material in the production of electronic and optical
devices, has been holding the interest in a-SiO2 for many years.
Particular attention has always been devoted to the study of
the properties of point defects in silica, due to the fact that
their presence is often associated with optical absorption (OA)
and photoluminescence (PL) bands that can compromise the
characteristic features of the material.

An always increasing attention is nowadays paid to the
effect of thermal treatments on point defects. Indeed this kind
of procedure can influence the properties of the material and
as a consequence it is widely employed in the production of
devices, or it can be used to anneal point defects induced by

1 Author to whom any correspondence should be addressed.

irradiation, and in some cases can also be a way to obtain
information on defects properties [1, 2].

The annealing of point defects following a thermal
treatment of the sample can be attributed to different
microscopic processes and, even if the first mechanism
responsible for these effects was thought to be the
recombination of radiolytic electron hole pairs, today it is
commonly believed that the main process giving rise to such
effects is the reaction of the defects with molecules diffusing
through the matrix, as hydrogen, oxygen or water [1, 3–8].
This kind of process is generally described as the result of the
concurrence of two distinct phenomena, the diffusion of the
molecule and its reaction with the defect. So the observed rate
for the annealing process of a point defect is determined by the
characteristic timescales of both these phenomena, even if in
some cases one of them can be predominating.

A class of widely studied point defects is that of oxygen
deficiency related centres, since they give rise to optical
absorption and photoluminescence bands in the ultraviolet

0953-8984/08/385215+08$30.00 © 2008 IOP Publishing Ltd Printed in the UK1

http://dx.doi.org/10.1088/0953-8984/20/38/385215
mailto:laura.nuccio@fisica.unipa.it
http://stacks.iop.org/JPhysCM/20/385215


J. Phys.: Condens. Matter 20 (2008) 385215 L Nuccio et al

spectral range, to electron paramagnetic resonance (EPR)
signals, and they can also play the role of precursors for other
point defects [9, 10].

In this paper our attention is focused on two of them,
named the E ′

γ centre and oxygen deficient centre II (ODC(II)).
The E ′

γ centre is a paramagnetic point defect always
present in irradiated silica, whose structural model is a
threefold coordinated silicon atom having an unpaired electron
in one of its hybrid sp3 orbitals ≡Si•, where ≡ represents three
bonds with oxygen atoms and • is an unpaired electron. The
presence of the unpaired electron gives rise to a characteristic
EPR signal around g ≈ 2.0006; the E ′

γ centre is also
responsible for an OA band at 5.8 eV with FWHM 0.7 eV [10].

The ODC(II) is a diamagnetic defect whose main spectral
features are an OA band centred at ∼5.0 eV, usually named B2α

band, inside which two PL emission bands centred at ∼4.4 eV
(αI band) and at ∼2.7 eV (γ band) can be excited [10]. Its
microscopic structure, differently from that of the E ′

γ centre,
is still subject of debate. According to some authors the
defect responsible for the above described optical activity is an
unrelaxed oxygen vacancy: ≡Si–Si≡ [11–14]. Nevertheless,
many other authors support a twofold coordinated silicon
model for the ODC(II), =Si••, that is nowadays widely
accepted [9, 15–17].

The effects of heat treatments on these defects have
been studied and some microscopic models of reaction have
been put forward. As reported in literature the microscopic
mechanism of the annealing of a given defect depends on the
temperature and on the type of silica [1, 12]. In particular, the
annealing of E ′

γ centre observed at temperatures higher than
about −70 ◦C is known to be due to reactions with molecular
hydrogen [14, 18–21]. This process has been attributed to the
hydrogen diffusion, and has been widely studied, also due to
the ubiquitous presence of this impurity in silica [12, 18, 22]. It
has been established that the activation energy for H2 diffusion
in silica is distributed, as a consequence of the amorphous
nature of the material [12, 22–24].

A few studies at higher temperatures have also been
carried out, and the annealing of the E ′

γ centre has been
attributed to reactions with other small molecules diffusing
through the matrix [1, 12]. In low OH concentration silica the
annealing of the E ′

γ centre at temperature higher than ∼150 ◦C
has been attributed to the reaction with oxygen [25]

≡Si• + O2 → ≡Si−O−O•.

The annealing of the E ′
γ centre observed in high OH

silica at temperatures higher than ∼300 ◦C has instead been
attributed to the reaction with water [1]

≡Si• + H2O → ≡Si−OH + H0.

Based on the observation of a strong similarity between
the isochronal anneal curves of the two defects, the annealing
of ODC(II) has been tentatively ascribed to reactions with
the same molecules involved in the E ′

γ centre annealing in
each of the different temperature ranges, according to the

reactions [4, 26–28]

=Si•• + O2 → Si=
O

O

=Si•• + H2O → Si=
H

OH
.

Notwithstanding the increasing number of works about
the diffusion of small molecules, different from hydrogen, in
silica and their interaction with point defects at temperatures
higher than 100 ◦C [3, 8, 29], the effects of the disorder of
the glass matrix on these diffusion–reaction processes have
not been studied yet. Data on this subject are only available
for processes related to hydrogen, at temperatures equal or
lower than room temperature, for which distributions of the
activation energy of diffusion have been assumed in the fitting
procedures. However no distribution of the activation energy
for reaction has been introduced. Data at higher temperatures,
at which reactions of point defects with different molecules
occurs, and evidences of the influence of the disorder on the
activation energies for reaction are not available.

In the present paper we give a direct experimental
evidence that the activation energies of the reaction processes
responsible for the annealing of point defects in amorphous
silicon dioxide at higher temperatures are distributed, due to
the disorder characteristic of the glass matrix.

2. Experimental details

2.1. Measurements

Electron paramagnetic resonance (EPR) has been used to
detect the E ′

γ centre, whereas photoluminescence (PL) and
optical absorption (OA) have been employed to reveal the
diamagnetic ODC(II) centre. Raman spectroscopy has been
also used to detect interstitial oxygen molecules. EPR
measurements have been carried out using a Bruker EMX
spectrometer working at 9.8 GHz (X band). The E ′

γ centre
signal has been revealed with a microwave power P =
0.8 μW and a modulation field with peak-to-peak amplitude
Bm = 0.01 mT and frequency fm = 100 kHz. These
EPR measurement conditions have been verified not to distort
the EPR lineshape and not to induce microwave saturation
effects. Defect concentration has been estimated by comparing
the double integral of the EPR signal of the sample under
examination with that of E ′

γ centres in a silica sample
whose defect concentration has been determined by spin-echo
experiments [30]. We have estimated an absolute accuracy of
20% in this procedure; the relative concentrations are affected
by a 5% uncertainty. A typical EPR spectrum of E ′

γ centre, as
detected in one of the sample studied in this paper, is shown in
figure 1.

Steady-state PL emission in the range 2.5–5.0 eV, excited
at 5 eV, has been measured using a Jasco FP-6500 instrument,
mounting a xenon lamp of 150 W, with a bandwidth of 5 nm
for excitation and 3 nm for emission. We have adopted the
so-called 45◦-backscattering-geometry, in which the surface of
the sample is placed at 45◦ with respect to the excitation beam
and the PL light is collected in the direction opposite to the
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Figure 1. EPR spectrum detected in the I301/A sample.

reflected beam. A typical PL spectrum of the ODC(II) centre,
as detected in one of the sample studied in this paper, is shown
in figure 2; in the inset of the same figure the PLE spectrum
relative to the emission at 4.4 eV is shown.

OA measurements in the range 3.0–6.2 eV have been
performed using a Jasco V-560 spectrophotometer with a
bandwidth of 2 nm.

PL amplitude values have been corrected to take into
account differences in the optical absorption of the sample
and differences in sample thickness. As the maximum OA
intensity at 5.0 eV is less than 1.2 cm−1 in all the samples
examined, and the thickness of the samples is 1 mm, the PL
intensity is proportional to the absorption coefficient α, and
so to the concentration of the defects. As a consequence it
has been possible to estimate the concentration of the ODC(II)
using the PL measurements, the Smakula’s equation [2] and a
reference sample in which the B2α band was isolated. On the
basis of approximations related to Smakula’s equation we have
estimated an absolute accuracy of 30% in this procedure [2].
The relative concentrations are affected by a 10% uncertainty.

Raman spectra have been measured with Nd-YAG laser
excitation (λ = 1064 nm) using a Bruker RamII Fourier-
transform spectrometer. The spectral resolution of these
measurements was 5 cm−1. It has been shown that an
infrared PL band at 1272.2 nm excited at 1064 nm (Nd-YAG
laser), associated to the forbidden transition from the first
electronic excited state (a1�g) to the (X3�−

g ) ground state of
the interstitial oxygen molecule, superimposes to the Raman
spectrum of samples having an oxygen concentration higher
than 5 × 1016 molecules cm−3 [31].

All the measurements have been carried out at room
temperature.

2.2. Materials and treatments

Two different sets of experiments are presented hereafter.
In the former, three samples of the same natural dry

material [32], Infrasil 301 [33] (referred to as I301/A, I301/B
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Figure 2. PL emission spectrum excited at 5.0 eV as detected in the
I301/A sample. In the inset the corresponding PLE spectrum as
detected at the emission energy of 4.4 eV is shown.

and I301/C in the following), have been used. Preliminary to
every experiment described in the following, they have been β

irradiated at room temperature in a linear accelerator (electron
energy 3 MeV, dose rate ∼430 kGy h−1), up to a total dose of
2000 kGy, so that the concentrations of a given defect before
the thermal treatments were approximately the same in all
the samples. In particular, the E ′

γ centre concentration has
been estimated to be about 4.5 × 1017 centres cm−3 in all the
samples and that of ODC(II) varied between 3.5 × 1015 and
5.7 × 1015 centres cm−3.

In the second experiment two samples of the natural dry
material Silica EQ906 [34], named Q906/A and Q906/B, have
been γ irradiated (60Co source, dose rate of ∼20 kGy h−1) at
two different doses: 2500 kGy and 10000 kGy, respectively, so
that the ODC(II) concentration in the second sample (2.4 ×
1015 centres cm−3) was higher than in the first one (1 ×
1015 centres cm−3). The E ′

γ concentration was instead about
1 × 1017 centres cm−3 in both samples.

The sizes of all the samples were 5 × 5 × 1 mm3, and they
were cut from slabs of each material with size 50×5×1 mm3,
having the widest surfaces optically polished.

The samples have been subjected to isothermal heat
treatments at 200, 300 and 450 ◦C in an electric furnace whose
temperature has been set by means of a digital controller. The
target temperature can be set with an accuracy of ±3 ◦C. As
described in the following, isothermal treatments, i.e. series
of heat treatments at a fixed temperature and whose duration
progressively increases, have been carried out at several
temperatures. The duration of the individual treatment varied
from 60 s up to ∼105 s. At each treatment the sample is
inserted into the oven, that has previously reached the target
temperature, and at the end it is extracted from the oven
and brought back to room temperature in air to carry out
the measurements. This heating and cooling conditions have
been chosen to minimize the time that the sample spends

3



J. Phys.: Condens. Matter 20 (2008) 385215 L Nuccio et al

Figure 3. (a) Concentration of E ′
γ centres as a function of the treatment time at 300 ◦C, as detected in the samples I301/A, previously treated

at 200 ◦C (filled symbols), and I301/B, not previously treated (open symbols). Solid and dashed lines represent the concentration of E ′
γ

centres respectively in the samples I301/A and I301/B before the beginning of the treatment at 300 ◦C. (b) Concentration of E ′
γ centres as a

function of the treatment time at 450 ◦C, as detected in the samples I301/A, previously treated at 200 ◦C and 300 ◦C (filled symbols), and
I301/C, not previously treated (open symbols). Solid and dashed lines represent the concentration of E ′

γ centres respectively in the samples
I301/A and I301/C before the beginning of the treatment at 450 ◦C.

Table 1. Variations of the concentration of E ′
γ centres observed in the experiment on the I301 samples at different temperatures.

Sample �[E ′] at 200 ◦C �[E ′] at 300 ◦C �[E ′] at 450 ◦C

I301/A 8 × 1016 centres cm−3 8 × 1016 centres cm−3 1.9 × 1017 centres cm−3

I301/B 1.5 × 1017 centres cm−3

I301/C 3.5 × 1017 centres cm−3

at temperatures different from the target temperature of the
treatment.

3. Results

We have found that the spectral shape of the PL band related
to ODC(II) is not affected throughout the overall thermal
treatments in the experiments shown in the following, whereas
the E ′

γ centre features a slight variation of its lineshape, as
previously reported [12, 35]. So, the main effect of the thermal
treatments is the reduction of the concentration of the defects.

3.1. Treatments on Infrasil 301

In this experiment the three samples of the material I301
described in section 2.2 have been used. The isothermal
anneal curves at a given temperature, that represent the defect
concentration as a function of the treatment time, have been
compared for samples subjected to different sequences of
thermal treatments.

The sample I301/A has been thermally treated at 200 ◦C
for 100 000 s. After this preliminary treatment this sample
and the I301/B have been subjected to the same isothermal
treatment at 300 ◦C. In figure 3(a) the isothermal anneal
curves at 300 ◦C for the E ′

γ centres in the samples I301/A

and I301/B are shown. The lines indicate the concentration
of E ′

γ centres before the beginning of the thermal treatment at
300 ◦C in the samples I301/A (solid line) and I301/B (dashed
line). The overall duration of the thermal treatment has been
chosen in such a way that the annealing processes had reached
a stationary state.

Figure 3(b) shows the analogous comparison for a
treatment at 450 ◦C. The sample I301/A is in fact the one
of the previous treatment at 300 ◦C (so it had been subjected
to thermal treatments at 200 and 300 ◦C), while the sample
I301/C had not undergone any thermal treatment before the one
at 450 ◦C. The lines indicate the concentration of E ′

γ centres
before the beginning of the thermal treatment at 450 ◦C in the
samples I301/A (solid line) and I301/C (dashed line).

From these figures we observe that the concentration
of E ′

γ centres at the beginning of each thermal treatment
is different in the two samples, due to the fact that in the
pretreated samples it decreased during the preliminary thermal
treatments. It can be easily observed that, notwithstanding this
difference, the annealing curves of the two samples, at each
temperature, tend to the same value.

A quantitative comparison between the effects of the
different sequences of thermal treatments can also be made.
In table 1 the variations of the concentration of E ′

γ centre
after each treatment are listed. It can be observed that the

4



J. Phys.: Condens. Matter 20 (2008) 385215 L Nuccio et al

Figure 4. (a) Concentration of ODC(II) centres as a function of the treatment time at 300 ◦C, as detected in the samples I301/A, previously
treated at 200 ◦C (filled symbols), and I301/B, not previously treated (open symbols). Solid and dashed lines represent the concentration of
ODC(II) centres respectively in the samples I301/A and I301/B before the beginning of the treatment at 300 ◦C. (b) Concentration of ODC(II)
centres as a function of the treatment time at 450 ◦C, as detected in the samples I301/A, previously treated at 200 ◦C and 300 ◦C (filled
symbols), and I301/C, not previously treated (open symbols). Solid and dashed lines represent the concentration of ODC(II) centres
respectively in the samples I301/A and I301/C before the beginning of the treatment at 450 ◦C.

E ′
γ concentration change following the thermal treatment at

300 ◦C of the sample I301/B is equal to the sum of the
analogous variations observed in the sample I301/A after
the treatments at 200 and 300 ◦C. In the same way the
E ′

γ concentration change following the thermal treatment at
450 ◦C of the sample I301/C is equal to the sum of the
analogous variations observed in the sample I301/A after the
treatments at 200, 300 and 450 ◦C. This result means that the
total number of point defects annealed at a given temperature
does not depend on the sequence of thermal treatments leading
to such temperature, but only on the final temperature value. In
other words the concentration of E ′ centres tends to a value
that is function of the temperature alone, and that does not
depend on the sequence of thermal treatments the sample has
undergone.

Moreover, another noteworthy evidence is that the rate
of the annealing process of the E ′

γ centres is smaller in
the pretreated sample at both temperatures, as can be easily
observed in the figures.

The same comparison has been carried out for the ODC(II)
centre, and the results are shown in figure 4. No significant
change in the ODC(II) concentration is observed at 300 ◦C,
while such concentration tends to the same value in both
samples at 450 ◦C, as already observed for E ′

γ centres.
So an asymptotic value for the concentration of a given

defect exists, that is function of the annealing temperature
alone.

3.2. Treatments on Silica EQ906

In this second experiment the samples Q906/A and Q906/B,
whose characteristics have been described in section 2.2, have
been used.

As already mentioned, the concentration of ODC(II) in
the second sample is higher than in the first one, due to a
higher irradiation dose. The sample Q906/B has then been
subjected to a thermal treatment at 470 ◦C aimed at making
the concentration of ODC(II) equal to the one in the Q906/A
sample. At the end of this treatment the concentration of
ODC(II) in the sample Q906/B is 9 × 1014 centres cm−3, very
close to that in the Q906/A (1 × 1015 centres cm−3). From this
moment on the two samples have been subjected to the same
isothermal treatment at 450 ◦C, that is a temperature lower than
that of the pre-treatment of the sample Q906/B. It is worth
noticing that this procedure is substantially different from that
followed in the previous experiment, as in that case the pre-
treatment of the samples was done at a lower temperature than
that of the final annealing; a further difference with respect
to the previous experiment is that in this second case the
pre-treatment at 470 ◦C lasts the time needed to make the
ODC(II) concentration in the Q906/B sample equal to the one
in the Q906/A, and so the concentration at the end of this pre-
treatment is not the asymptotic concentration relative to the
temperature T = 470 ◦C.

In figure 5 the isothermal anneal curves at 450 ◦C for
(a) the ODC(II) and (b) E ′

γ centres in the samples Q906/A and
Q906/B are shown. It can be observed that the dependence of
the defects concentration on time for the thermal treatment at
450 ◦C is rather different in the two samples; in particular the
effect of the annealing process is much smaller in the sample
Q906/B, that had been pretreated at 470 ◦C. In this sample in
fact the annealing rates of both the defect studied are sensibly
smaller than the analogous rates in the Q906/A sample.
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Figure 5. Concentration of (a) ODC(II) and (b) E ′
γ centres as a function of the treatment time at 450 ◦C, as detected in the samples Q906/A

(filled symbols), and Q906/B, previously treated at 470 ◦C (open symbols).

4. Discussion

The aim of the two performed experiments was to investigate
the dependence of the thermal sensitivity of oxygen deficient
point defects on the thermal history of the sample, and the
possible influence of the amorphous structure of the material
on such property.

The possible microscopic models for these annealing
processes in the temperature range from 200 ◦C up to 450 ◦C
have been discussed in the introduction; diffusion–reaction
mechanisms involving molecular oxygen and water have been
put forward [1, 12]. From the isothermal annealing curves
alone, it would not be possible to state which of these chemical
species is responsible for the observed annealing of E ′

γ and
ODC(II). Notwithstanding this consideration, it had been
possible to rule out a significant contribution of molecular
oxygen to these processes. In fact, the O2 concentration
before the thermal treatments in all the samples was lower
than 5 × 1016 molecules cm−3, that is an amount lower
than the smallest E ′

γ concentration variation observed in the
samples examined (see table 1). This upper limit value of
O2 has been estimated by measuring the Raman spectrum
of the samples studied; in fact the PL band at 1272.2 nm
(Raman shift ≈1539 cm−1), observed in the Raman spectrum
of samples having an oxygen concentration higher than 5 ×
1016 molecules cm−3 (see section 2.1), is absent in all the
samples here examined, as can be observed for the I301/A
sample in figure 6.

The exclusion of oxygen leads water molecules to be the
main candidate as the origin of the annealing of ODC(II) and
E ′

γ centres in the explored temperature range. Water molecules
can be present in silica as the result of the process of production
of the material, or can be induced during irradiation by a
radiolytic process.

As reported in the first paragraph of the previous
section, it has been observed that at long treatments time the

Figure 6. Raman spectrum of the I301/A sample. The spectrum
quality is affected by fluorescence induced by the β irradiation.
However this fact does not influence the 1540 cm−1 region.

defect concentration has a stationary value depending on the
temperature alone.

In the second paragraph of the results section, moreover,
it has been observed that the annealing rate of both the defects
at a given temperature T1 is much lower in a sample pretreated
at a temperature T2 > T1, higher than the one of the treatment
under examination.

Both these experimental results can be explained in the
framework of the existence of a statistical distribution of the
activation energy of the diffusion–reaction process. In a simple
way of looking at the problem, one can imagine that each
defect has its own characteristic activation energy value, which

6
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activation energies of the annealing process of the defects.

is statistically distributed within the population of defects. The
existence of this distribution of the activation energy implies
that only a certain part of the total number of defects can
react at a given temperature, the ones with activation energy
values equal or lower than an appropriate one. Moreover the
existence of a distribution of activation energies also implies a
distribution of reaction rates, as to smaller activation energies
correspond higher rates.

As a consequence, in the first experiment the final
concentration of defects at a given temperature after a long
treatment time depends only on the temperature itself and not
on previous thermal treatments at lower temperatures to which
the sample has been subjected; the reason of this behaviour is
that the final amount of defects annealed is the total number of
defects whose annealing activation energy is low enough to let
the reaction take place at the treatment temperature. This idea
can be more easily understood looking at a schematic picture of
the hypothesized distribution of activation energies (figure 7).
The light grey part of the distribution represents the defects
with activation energies such that they can react at temperatures
T < T1, while the dark grey part represents those that can react
at temperatures T1 < T < T2 (T1 < T2). When a thermal
treatment at the temperature T2 is performed, all the defects,
the light and dark grey, are removed at the same time; when
instead a sequence of two treatments at the temperatures T1

and T2 (T1 < T2) is performed, during the first one the light
grey defects are removed, whereas during the second one the
dark grey centres are annealed. The light grey defects, having
smaller activation energies than the dark grey centres, also have
higher reaction rates, and this fact also explain the differences
in rates observed. In conclusion, whatever the sequence of
thermal treatments, at the end of the treatment at T2 both the
light and dark grey defects are removed, so the total number
of defects annealed depends only on the temperature T2, as
observed.

In the same way the second experiment shows that the
annealing rate at a temperature T1 is much smaller in a sample
pretreated at a temperature T2 > T1. It is possible to guess
that this happens because the portion of defects able to react

at the temperature T1 has already been significantly annealed
during the pre-treatment at T2 > T1. In other words this
second experiment gives evidence that the pre-treatment has
significantly changed the distribution of the activation energies
of the annealing process, affecting the thermal sensitivity of the
defects.

All these considerations lead to the conclusion that
a statistical distribution of the activation energies of the
diffusion–reaction process exists. The existence of this
distribution is also the origin of the dependence of the thermal
properties of point defects on the thermal history of the
sample, as different histories can give rise to differences in the
distributions. The existence of this distribution of activation
energies can easily be physically interpreted referring to the
fact that these processes take place inside an amorphous
structure.

In general two distinct contributions can be associated
to the observed activation energy, deriving from the diffusion
phenomenon and from the reaction process, although in some
cases one of them can be overriding. The former is a thermally
activated process, as the motion of a molecule from one
interstitial site to another one needs to overcome a potential
barrier due to the geometrical arrangements of the lattice
atoms; in an amorphous structure each lattice site is different,
and this leads to a distribution of these potential barriers
and consequently of the associated activation energy for the
diffusion process.

Concerning the activation energy for reaction, we observe
that it is well known that the slightly different environments
surrounding the defects have influence on the optical properties
of the centre itself, determining a broadening of the absorption
lines due to the existence of a distribution of the transition
energies [36]; in the same way as the electronic transition
energies are distributed, the energies required to a reaction
process to happen are distributed too, as a consequence of the
differences in the defects environments. It can be concluded
that, it does not matter which one is the preponderating
contribution to the activation energy of the overall diffusion–
reaction process, this activation energy is distributed as a
consequence of the disorder characteristic of the amorphous
system in which the phenomenon takes place.

Nevertheless, in the experiment shown in this paper, all
the comparisons have been made between samples undergoing
the same treatment at the same temperature, and differing only
for their previous thermal history. Moreover no modification
in the Raman spectra, and consequently in the structure of
the glass matrix on which the diffusion properties of a given
molecule depend, has been observed after the pretreatments
of the samples. As a consequence it can be stated that the
diffusion properties are the same in the couples of samples
compared, and the differences observed are due to differences
in the activation energy distribution for the reaction process,
that therefore is the limiting one here. The fact that the key
step in the diffusion–reaction process that causes the annealing
of oxygen deficient point defects is the reaction also explains
differences in the behaviour of different centres reacting with
the same molecule at the same temperature, as to different
defects corresponds different activation energies of the reaction
with the same species.
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5. Conclusions

We have reported experimental results on the effects of
sequences of isothermal treatments on two irradiation induced
defects in silica, the ODC(II) and the E ′

γ centre. In particular
we have investigated the influence that the amorphous structure
of the matrix has on the thermal properties of the defects.
The results reported here give direct evidence that a statistical
distribution of the activation energies of the reaction process
exists, and that it gives rise to a dependence of the thermal
sensitivity of point defects on the thermal history of the
sample, as different histories can give rise to differences in the
distributions. The existence of such a distribution of activation
energies is intimately related to the intrinsic disorder of the
amorphous lattice, and so it can be thought to be a general
feature of point defects in disordered solids.
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