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The thermoluminescence glow curve of y-irradiated silica gel investigated between 77 °K and 
600 ° K is a broad band extending from 80 °K to ~ 400 °K. The emission occurs at ~ 450 nm. 
Shallow traps (0.1 — 0.2 eV) are responsible for most of the light emitted. The distribution of trap 
depth and the increase of trap density toward the band edge is tentatively attributed to the dis-
ordered structure of silica gel in accordance with previous suggestions concerning glasses. In con-
trast to the growth with radiation dose of color- and paramagnetic center concentration, lumines-
cence is already saturated at about 1 Mrad. The luminescence decay follows the hyperbolic relation 
derived by Adirowich for a bimolecular process in the case of retrapping for which evidence is 
presented. At very low radiation doses the initial intensity of luminescence was proportional to the 
square of the dose rate as expected for a bimolecular reaction. 

Removal of surface OH groups as accomplished by raising the degassing temperature of the gel 
results in an increase of luminescence intensity by several orders of magnitude. Hydrogen and 
oxygen when adsorbed prior to or subsequent to irradiation reduce the luminescence intensity to 
about one per cent of that observed in vacuum or in the presence of helium. The results are dis-
cussed in terms of surface reactions involving free and trapped charge carriers generated during 
irradiation. 

1. Introduction 

Marked changes in the chemical activity of high 
surface area solids subjected to ionizing radiation 
have been observed 2. Generally, insulators (i. e. 
solids with a wide band gap) were found to exhibit 
the largest changes. Reactions of adsorbed molecules 
present during irradiation and added subsequently 
to the vacuum irradiated solid have both been 
studied. They are explained either by energy or 
charge transfer from the irradiated solid to the ad-
sorbed molecules. Energy transfer is inferred from 
the dependence on the width of the band gap of 
the surface reaction 3' 4, whereas charge transfer is 
manifested by the production of radical anions or 
cations 5 - 9 . 

Such reactions are closely related to the formation 
of trapped charge carriers. Briefly, in the band 
model the electronic states are assumed to form 
bands, in the case of dielectrics the upper complete-
ly filled band being separated from the next empty 
one by a band gap of several eV. Trapping of elec-
trons and holes occurs within the band gap at 
localised levels. 

Of the various methods available to ingestigate 
trapped charge-carriers, esr has been used most fre-
quently for studies of such irradiated high surface 
area solids which are of interest with respect to the 
reactions mentioned above5~9 . Optical absorption 
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m e a s u r e m e n t s 1 0 ' c h e m i c a l determination of F-
centers 12 and thermostimulated exoelectronic emis-
sion 13 have also been applied. There appear to be 
no studies of thermoluminescence on such solids 
although they give information on the distribution 
of trap depths, i. e. activation energies for thermal 
release of charges assumed to be involved in surface 
reactions. Thermoluminescence results from lumi-
nescent centers interacting with charges thermally 
released from traps. The glow curves — the cur-
rent from a photomultiplier recorded as a function 
of sample temperature which is increased linearily — 
may consist of one or several glow peaks repre-
senting the release of charges from individual traps. 

In the present work thermoluminescence of ^-ir-
radiated silica gel is studied with the objective of 
describing the trapping of charges as effected by 
changes of the surface properties. Accordingly, the 
effects of thermal treatment before irradiation and 
of various gases adsorbed prior to irradiation or 
added subsequently are investigated. Silica gel was 
chosen because its surface area amounts to hundreds 
of square meters per gram. It is, furthermore, known 
to yield centers of chemical activity when exposed 
to ionizing radiation, and has been most frequently 
used for the investigation of surface reactions. The 
stimulation of luminescence occurring on adsorp-
tion of gaseous molecules at the irradiated solid is 
described in the subsequent paper (referred to 
as II ) . 
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2. Experimental Section 

"Silica gel HR extra pure acc. to Stahl" was ob-
tained from Merck, the specific surface area is 
450 m2 /g as stated by the supplier. The gases used 
were obtained from Linde. Approximately, 0.5 g of 
gel was placed in a pyrex ampoule consisting of 
10 mm i.d. tubing extended on one side by capil-
lary tubing of 0.6 mm i.d. and fitted on the other 
side with a break-seal. The sample was degassed 
on a vacuum line by heating — usually at 500 °C — 
to a residual pressure of 10~5 Torr. After sealing-
off, the ampoule with the gel transferred completely 
to the wide end was placed in a dewar containing 
liquid nitrogen and irradiated in a 60Co source. The 
dose rate varied between 1.4 and 9 x l 0 5 r a d / h . 
The dose was determined by Fricke dosimetry mak-
ing appropriate corrections for the different electron 
densities. Prior to measurement the capillary tubing 
was heated in an electrical furnace while the gel in 
the wide tubing was kept in liquid nitrogen. The 
heating annealed luminescence produced in the glass. 
After cooling to 77 °K the irradiated gel was trans-
ferred into the capillar and the ampoule inserted 
into the measuring device. Exposure of the ir-
radiated gel to light was avoided as much as pos-
sible. 

The measuring device for thermoluminescence 
(described in reference 14) basically consisted of a 
horizontal quartz tube extending into a vertically 
attached U-shaped tube. A stream of air cooled by 
liquid nitrogen entered the horizontal part of the 
quartz tubing which contained a heating coil. The 
air passed into the U-tube cooling the ampoule 
which was inserted vertically in the open end of this 
tube. Heating of the coil was regulated by a thermal 
controler (L 70/171 from Linseis) measuring the 
temperature at the ampoule. It provided heating 
rates of 0.1 to 50 °C/min, but 5 to 10 °C/min were 
found suitable for heating the gel with no tempera-
ture lag between the inner and outer portions of the 
gel column of 0.6 mm diameter. To insure good 
thermal insulation the quartz tubing was double 
walled and evacuated. The sample was viewed by 
an EMI photomultiplier type 9558QB. The output 
of the photomultiplier was amplified and recorded 
by a 1 mV recorder (Hartmann and Braun) as a 
function of time. For measurement of the emission 
spectrum an interference strip filter for the region 
400 to 700 nm (Schott) was used. The filter of 
60 mm length was moved back and forth by means 
of a motor across a 1 mm slit fixed in front of the 
optical window. The light emitted from the sample 
passed through this slit and, depending on the posi-
tion of the filter, light of certain wavelengths passed 

through a second 1 mm slit to the PM tube. The TL 
apparatus described could be operated at tempera-
tures from 80 to 600 °K. The glow peak position for 
different samples were found to be reproducible 
within ± 1 ° . The 5 to 10% deviation observed in 
luminescence intensity is attributed to the difference 
of powder packing from one sample to another. 

3. Results 

3.1. Dose Dependence of Glow Curves 

A set of glow curves obtained from samples out-
gassed at about 800 °K to ~ 1 0 ~ 5 T o r r and ir-
radiated to doses ranging from 2.4-103 rad to 
1.1-10" rad is shown in Figures 1 and 2. The glow 
curves are confined to the temperature region below 
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Figs. 1 and 2. TL Glow curves of silica gel outgassed at 
800 °K, y-irradiated at 77 °K and heated at a rate of 5° 

per min. 
0. 2.38 xlO3 rad; 1. 1.19 x 104 rad; 2. 3.38 x 104 rad; 
3. 7.15 x 104 rad; 4. 1.43 x 105 rad; 5. 2.88 x 105 rad; 

6. 9.00 x10 s rad; 7. 1.08 x 107 rad. 
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400 °K with no further peak being detectable up to 
600 °K, the limit of the device used. The structure 
of the glow curves changes as the radiation dose is 
increased and the rise of luminescence in intensity 
is accompanied by a maximum shift to lower tem-
peratures. This may be explained by the distribution 
of traps in depth. Since to a first approximation 
more shallow traps will be emptied at lower tem-
peratures, the maximum shift to lower temperatures 
would indicate that the concentration of traps in-
creases drastically towards shallow traps. At small 
radiation doses the deeper traps are filled preferen-
tially but at higher doses the glow curve is domi-
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Fig. 3. TL Glow curves of silica gel outgassed at 800 °K, 
y-irradiated to 3.8 Mrad at the temperatures indicated in the 

fig. and heated at a rate of 5° per min. 

nated by the more numerous shallow traps. The 
increase of the trap concentration towards the band 
edge is also demonstrated in Figure 3. Different 
samples were irradiated to identical doses but at 
different temperatures. The intensity increases 
steeply as the temperature of irradiation is lowered 
while the high temperature tail of the curve changes 
slightly. In Figures 1 and 2 the intensity increases 
with adsorbed dose. The integrated glow curve, i. e. 
the total light sum emitted, as a function of radiation 
dose is plotted in Figure 4. It shows a linear growth 
up to about 1 Mrad with practically no further in-
crease for higher doses. It should be mentioned 
that this behaviour is in sharp contrast to the growth 
of the center concentration as observed by optical 

Dose x10"5 [rod] — 

Fig. 4. Integrated TL glow curves, i. e. amount of light 
emitted within the glow curve, as a function of radiation 
dose. Samples were outgassed at 800 °K, y-irradiated at 

77 ° K and heated at a rate of 5° per min. 

absorption15, esr1 6 or chemical determination17 

found to continue far beyond a dose of 1 Mrad. As 
may be judged from Figures 1 and 2, the glow 
curves are composed of several unresolved glow 
peaks. Thermal cleaning has been used in an at-
tempt to better resolve the glow curves. Several 
samples irradiated at 77 °K where heated to some 
temperature within the glow curve and the lumines-
cence allowed to decay at that temperature. Sub-
sequent cooling to 77° and linear heating resulted 
in the glow curves shown in Figure 5. After thermal 

500 

u £00 

l/> 
§ 300 
ri 

1 200 

100 

0 

Fig. 5. TL glow curves after thermal cleaning. Silica gel 
outgassed at 773 °K, /-irradiated at 77 °K to 7.15 x 104 rad, 
thermal cleaning at 1) without cleaning; 2) 119 ° K ; 3) 
141 ° K ; 4) 155 ° K ; 5) 181 ° K ; 6) 198 ° K ; 7) 224 ° K ; 

heating rate 5° per min. 
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cleaning at temperatures up to 155 °K, the intensity 
has increased indicating that the occupancy of cer-
tain traps has changed. A reduction of the number 
of charges in shallow traps is accompanied by an 
increase of charges in somewhat deeper traps, 
whereas the still deeper traps determining the high 
temperature wing of the glow curves are not af-
fected. Thermal cleaning at 119 °K leads to an even 
larger amount of emitted light than observed prior 
to cleaning. It thus appears that the quantum ef-
ficiency has become larger. 

3.2. Influence of Surface Treatment 

A change of the outgassing temperature of the 
sample causes a drastic change in the intensity and 
a shift of the maximum of the glow curve. The 
intensity as a function of the outgassing temperature 
is shown in Figure 6. Within the temperature range 
investigated the intensity doubles when the tempera-
ture is increased by 40° . Figure 7 shows the glow 
curves for samples outgassed at 663 and 773 °K, 
respectively. In addition to the intensity increase 
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Fig. 6. TL intensity in the glow curve maxima as a function 
of the temperature at which silica gel was outgassed prior 
to ^-irradiation to 2.66 x 105 rad. Heating rate 10° per min. 
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Fig. 7. TL glow curves of silica gel outgassed at 1) 663 ° K ; 
2) 773 ° K ; and y-irradiated to 2.66 x 105 rad. Heating rate 

10° per min. 

Fig. 8. TL glow curves of silica gel. 1) outgassed at 
773 ° K ; 2) heated to 1273 °K in the presence of air and 
outgassed at 773 ° K ; 3) difference between glow curves 1 
and 2. Radiation dose 2.66 x10 s rad; heating rate 10° per 

min. 
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Fig. 9. TL glow curve of silica gel as affected by adsorbed 
hydrogen gas. 1) without hydrogen; 2) hydrogen absorbed 
prior to irradiation; 3) hydrogen adsorbed subsequent to 
irradiation. Outgassed at 773 °K, y-irradiated to 2.66 x 10s 

rad; heating rate 10° per min. 
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the maximum is shifted by 14° to a higher tempera-
ture for the 773 °K treated sample. The shift is due 
to the high temperature wing of the glow curve 
being comparatively more enhanced than the low 
temperature wing. It may then be concluded that 
the thermal treatment favors the formation of 
deeper traps. Such a conclusion is supported by an 
experiment in which one sample first was heated 
to 1273 °K in the presence of air and then cooled 
to room temperature before it was outgassed and 
irradiated identically to a second sample. Compari-
son of glow curves 1 and 2 in Fig. 8 shows a loss 
of intensity (curve 3) as a result of the 1275 CK 
treatment. It is of interest to note that this thermal 
treatment has considerably reduced the specific sur-
face area of the gel. It thus appears that the loss of 
intensity occurring almost exclusively in the low 
temperature wing of the glow curve, i. e. at the ex-
pense of shallow traps, is somehow related to the 
loss of surface area. 

In the experiments described thus far all samples 
were irradiated and the luminescence measured while 
kept in vacuum ( ~ 10~~5 Torr). Except for chemi-
sorbed water affected by the temperature of out-
gassing, surface effects caused by adsorbed gases 
are thus excluded. Significant differences of TL are 
observed with samples either irradiated in the 
presence of gases or to which gases were added 
subsequent to irradiation. As an example, the effect 
of hydrogen gas is shown in Figure 9. Adsorption 
of hydrogen both prior and subsequent to irradia-
tion reduces the TL glow curve intensity to a few 
percent of that of a sample kept in vacuum. The 
similarity of the glow curves obtained with the 
hydrogen treated samples and the one obtained with 
a sample kept in vacuum but outgassed at a 110° 
lower temperature (Fig. 7, curve 1) is striking. It 
thus appears that the effect caused by an increase 
of the outgassing temperature is reversed by the 
presence of hydrogen. The post irradiation adsorp-
tion of hydrogen demonstrates an effect on trapped 
charges. Experiments are described in II, which con-
cern the interaction of trapped charges with mole-
cules in the act of adsorption. It will be shown there 
that the interaction leads to what is called radio-
sorptionluminescence. 

Similar to the action of hydrogen, TL is strongly 
reduced when samples are treated with oxygen or 
nitrous oxide, whereas nitrogen and helium have 
practically no effect. In samples of low specific 

surface area TL was not affected to a measurable 
extent by any of the gases mentioned suggesting 
that the action of adsorbed molecules is confined 
to a certain range penetrating the surface. 

3.3. Decay Kinetics of Luminescence 
Samples irradiated at 77 °K do not luminescence 

if kept in the dark. When the temperature is raised 
to some temperature within the glow curve, decay 
of luminescence is observed. The luminescence de-
cay obeys the hyperbolic relation / o c / 0 (1 + k t) 
as is seen from Fig. 10 where a plot of log inten-
sity I versus log decay time t yields straight lines. 
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Fig. 10. Isothermal decay of luminescence in silica gel at 
various temperatures. Logarithmic plot of luminescence 

intensity I versus decay time t. 

j/> 6 
'c 
3 

-e 5 

£ U (/> c <v 
1 3 
E JD 
o 2 
"o o 

1 <D O 3 
cr 

w 0 

Fig. 11. Plot of the square root of luminescence intensity 
versus dose rate of /-irradiation. Silica gel was irradiated at 
ambient temperature for 2 sec (from K. Breitkreutz, refer-

ence 15). 
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For very small radiation doses the initial lumines-
cence intensity depends strongly on the dose rate15. 
This is demonstrated with samples irradiated at 
room temperature to doses of the order of a 
hundred rads at various dose rates and with the 
luminescence intensity being measured a constant 
time after the irradiation was interrupted. The result 
is shown in Fig. 11 where a plot of the square root 
of the luminescence intensity versus the dose rate is 
seen to yield a straight line. It should be mentioned 
that the irradiation dose applied is several orders 
of magnitude smaller than the megarad dose needed 
to obtain the maximum luminescence, i. e. the 
number of luminescent centers excited is only a 
small fraction of the total number of luminescent 
centers. 
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Fig. 12. Photo stimulated luminescence in y-irradiated silica 
gel at 77 °K. Curve a — Observed with a y-irradiated 
sample. Inserting a filter cutting off k < 7 0 0 nm leads to 
curve b. Curve b — Pulse of GaAs-laser light (905 nm) 

observed with a sample prior to y-irradiation. 

Luminescence is also stimulated by incident light. 
An experiment was performed in which samples ir-
radiated and kept at 77 K were exposed to a light 
flash of 905 nm wavelength emitted by a GaAs-laser. 
The photomultiplier output was recorded as oscil-
loscopic traces at various time scales. From several 
such traces Fig. 12 was constructed. It shows in the 
lower curve the intensity recorded after the light has 
passed a filter cutting off wavelengths < 700 nm. An 
identical curve was obtained with unirradiated 
samples and without a filter. It may be concluded, 
therefore, that the curve is due to the laser light. The 
upper curve was obtained from irradiated samples 
but without use of a filter. The difference of the two 
curves thus is the light of wavelength shorter than 
700 nm emitted from the samples on stimulation 
with 905 nm light. It should be noted that the inten-

sity of the emitted light rises slower to its maxi-
mum than the intensity of the stimulating light; 
furthermore, the emission continues long after the 
stimulation has ceased. 

In fact luminescence was still measurable 300 
microseconds after the 0.2 — 0.3 microsecond laser 
pulse. The stimulated emission decays in its later 
stage in a hyperbolic fashion similar to the decay 
shown in Figure 10. 

3.4. Emission Spectrum 

The spectral distribution has one maximum at 
450 nm. The width of the band at half of the peak 
height is roughly 0.8 eV. The short wavelength side 
extends into the region below 400 nm which is out-
side the 400 — 700 nm range covered by the filter 
used. Although resolution of the filter is poor, ob-
viously the same transition occurs in all observed 
RTL. 

4. Discussion 

For a solid of 450 m 2 per gram surface area and 
a density around 2.5 the size of an idealized globu-
lar particle assuming no pores would be of the 
order of 60 Ä in diameter, putting the volume to 
surface ratio of its constituents to around 4. The 
bulk material of silica gel consists of Si04-tetra-
hedra with the Si — O — Si bond angle randomly 
arranged. At the surface a large number of silanol 
groups (Si —O —H) rather than siloxane groups 
(Si — 0 — Si) exists. 

The luminescent results may be discussed in terms 
of the band model modified by taking into account 
the disordered structure typical for liquids and 
glasses 18. The main feature is the introduction of 
localized levels originating from the lack of periodi-
city which is due to the randomness of bond angles. 
Assuming that short range order is preserved, there 
are in addition the levels originating from specific 
defects such as vacancies and other perturbations 
known from the crystalline state. 

4.1. Trap Levels and Retrapping 

The observed dependence of the glow curves on 
the temperature of irradiation (Fig. 3) suggests 
several trapping levels distributed in energy and an 
increase of level density towards the band edge. 
From the dependence of the glow curve structure 
on the radiation dose (Figs. 1 and 2) it may be con-
cluded that the different trap levels are not filled 
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with identical rates. It further implies that the glow 
curves are composed of several groups of levels 
having certain activation energies rather than con-
sisting of levels with a continuum of energy values. 
The redistribution of trapped charge carriers ob-
served on thermal cleaning (Fig. 5) supports this 
notion. It also provides evidence for retrapping. 
Based on the occurence of peaks and shoulders in 
the glow curves, a geometrical analysis allows an 
estimate of the activation energies involved in the 
release of charges from traps. Several methods have 
been applied and it seems safe to state that most of 
the emitted light ( ~ 9 0 % ) is due to traps of 0.1 -
0.2 eV depth. The remaining luminescence involves 
charge release from traps up to 0.7 eV depth. In 
principle, similar results were previously obtained 
with silicate glass 1 9 _ 2 1 , fused quartz 19 and vitreous 
GeOo22 and interpreted to reflect a feature of the 
glassy state. 

4.2. Relation of Luminescence to Color and 
Paramagnetic Centers 

There is no simple (if any) relation between the 
formation under irradiation of color-, paramagnetic-
or chemically active centers on one side and the 
occurrence of luminescence on the other side. The 
former were found still to increase in concentration 
after absorption of 70 Mrad whereas luminescence 
is saturated near 1 Mrad (Figure 4 ) . In contrast to 
luminescence the esr signal of a sample irradiated 
a 77 °K changes only slightly when warmed to 
room temperature between two measurements at 
77 °K. Finally, there is no luminescence observable 
above 400 °K up to 600 °K, whereas the bulk of 
color and paramagnetic centers disappear in that 
temperature region. 

It is tentatively suggested that the shallow traps 
responsible for the luminescence are due to the 
randomness of the Si — 0 — Si bond angle, the 
characteristic feature of the glassy state. In contrast 
it appears that color- and paramagnetic centers are 
associated with specific defects (deep traps 
> 0.7 eV) such as vacancies and impurities common 
in both the glassy and crystalline state of silica 2 3 _ 2 5 . 

4.3. Kinetics 

Since luminescence is presumed to result from a 
bimolecular process — excitation of a luminescent 
center originating from the recombination of charges 
of opposite sign — the decay of luminescence may 
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be expected to obey second-order kinetics. The ob-
served decay fits the broken hyperbola / oc l j 
(l + kt)P where ß<2 (Figure 10) . This relation 
which assumes second order kinetics to be ap-
plicable, was derived by Adirovich 26 as an approxi-
mation for the main region of the decay curve in the 
case of saturated luminescence and rate constants 
for retrapping larger than for recombination (see 
also reference 2 7 ) . The indication of strong retrap-
ping thus obtained is supported by the results on 
thermal cleaning mentioned above and by the fact 
that a long lasting luminescence is observed in the 
laser pulse experiment (Figure 12) . 

The observed linear dependence of the square 
root of the initial luminescence intensity on the 
dose rate (V7/ oc i; Fig. 11) is consistent with a 
bimolecular mechanism of luminescence. Antonow-
Romanovski28 has considered the kinetics of elec-
tron transitions for a bimolecular mechanism which 
is given by 

d/i/d$ = x i(nx — n) — k n2 (1) 

with n the number of excited luminescence centers, 
n t the total number of luminescence centers, x and 
k the probabilities for excitation of a center and the 
emission of an excited center, respectively, and i the 
intensity of the exciting radiation. 

At sufficiently small excitation, i. e. excitation 
for such a short period of time that n ^ nx, Eq. (1) 
then reduces to 

dn/d# Ä; xinx . (2) 

At the moment the excitation ceases, the number of 
excited luminescence centers n will be 

n xnx0 i (3) 

where 0 is the time the phosphor was exposed to 
exciting radiation. The initial intensity in the case 
of a bimolecular mechanism is then given by 

l = kn2 = k{xnx0)2i2 (4) 
oc r . 

In the simple bimolecular scheme [Eq. ( 1 ) ] , retrap-
ping and the possibility of a simultaneous occurrence 
of monomolecular and bimolecular processes have 
not been taken into account. This does not, how-
ever, change the principal result that / is a quadratic 
function of i [Eq. ( 4 ) ] as discussed by Adirowich26. 

4.4. Surface Effects 

The main effect of increasing the degassing tem-
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perature of a silica gel is to replace the large num-
ber of silanol groups at the surface by siloxane 
groups 2 9 ' 3 0 . It is suggested that the removal of 
hydroxyl groups is responsible for the increase of 
the luminescence observed at the higher degassing 
temperatures (Figure 6 ) . The effect of hydroxyl 
groups as well as the suppression of luminescence 
seen with adsorbed oxygen and hydrogen (Fig. 9) 
may be accounted for by assuming that they form 
impurity levels competing with other levels located 
within the band gap. 

These impurity levels open a channel for the 
release of charges or their precursors which other-
wise would become stabilised in a way that enables 
luminescence. In terms of chemical reactions it has 
been discussed previously that electron trapping oc-
curs by the formation of hydrogen atoms from 
hydroxyl groups3 1 . Electron trapping occurs also at 
adsorbed oxygen resulting in the formation of 02~ 
anion radicals 8 ' 25' 32. The action of hydrogen seems 
to be largely on holes. Trapped holes are not formed 
when hydrogen is present during irradiation and 
once being formed are easily annihilated on adsorp-
tion of hydrogen 7 ' 3 2 _ 3 6 . The adsorption, found to 
be irreversible even at 790 °K 17, may result from a 
reaction between the hole trapped on oxygen and 
hydrogen to reform hydroxyl groups 

( = Si — 0 ' -f H ' - > = Si — OH) 3 3 '3 5 . 

In fact TL observed with a silica gel of low OH 
concentration but irradiated in the presence of 
hydrogen is strikingly similar to the TL observed 
with a gel of higher OH concentration (Figures 9 
and 7 ) . Not only has the presence of hydrogen sup-
pressed the luminescence to a value typical for a gel 
of higher OH content but it has also shifted the 
intensity maximum to the lower temperature of such 

a gel. Since Kazansky et al. 31 observed that hydro-
gen atoms originating from the radiolysis of hy-
groxyl groups at 77 °K become mobile at 125 — 
150 K, it is proposed that TL may be affected in 
that temperature region. The energy liberated on 
the combination of hydrogen atoms or on reaction 
of hydrogen atoms with holes trapped at non-
bridging oxygen as well as from any other exo-
thermic process could lead to a release of charges 
from traps. 

It will be shown in Part II that such processes 
indeed can empty traps. Another piece of evidence 
is obtained from the result of Figure 8. The loss of 
luminescence (curve 3) observed with the 1275 °K 
treated gel as compared to a gel not subjected to 
such treatment coincidentally occurs in that tem-
perature region (120 —150 °K) in which mobile 
hydrogen atoms would be expected to affect the 
RTL. Since the thermal treatment strongly decreases 
the OH concentration with a concommitant reduc-
tion of surface area, there is no longer a possibility 
of interference of surface reactions. This is con-
firmed by the observed failure of adsorbed gases to 
affect TL in the low surface area gel. It indicates a 
limited range of action of adsorbed molecules which, 
however, it not less than 30 Ä, taking into account 
the particle size of high surface area gel as discussed 
in the beginning and the almost complete suppres-
sion of TL. 
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