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The hydration process ofsilica glass was investigated by hydrothermal experiments at temperaturesfrom 23°C to 200°C.

Depth profiles of incorporated hydrogen were measured by using nuclear reaction analysis (NRA) techniques. Values of

the effective water diffusivity deducedfrom the profiles could be described by the common Arrhenius relationship (activa­

tion energy Ew=(72.3:t2) k]lmol, pre-exponentialfactor Deo=7'6xlO-5 cm2/s). Values of the effective water solubility, when

normalised to a constant water vapour pressure P, werefound to follow the Van 't-Hoff relationship similar to the case of

inert gas solubility (enthalpy ofsolution LlH(W)=(-31.5:t1) k]lmol, pre-exponentialfactor Wo!P=1'2x1016 cm-3/100 kPa).

Diffusivity and solubility values for molecular water at 150°C and 200°C, obtained by combining NRA results and IR­

spectroscopy results from the literature and the present work, were used to test the applicability of the diffusion reaction

model of Doremus in the temperature range studied here. The diffusivity values werefound to be compatible with model

'predictions based an results for higher temperatures whereas the solubility values were much larger than predicted.

I

1.1ntroduction

Because diffusion of water into silica glass affects

many physical and chemical properties of the mate­

rial, this hydration process has been investigated

extensively. Experimental data on diffusivity and

solubility for the temperature range 250°C to 1150°C

were reported by Davis & Tomozawa.(1) Their paper

also cites preceding studies, most1y.performed at tem­

peratures above 500°C, and summarises the results.

Recent1y, additional data for 250°C were reported

by Oehler & Tomozawa.(2) Concerning lower tem­

peratures, Lanford et al(3) performed measurements

at 90°C and Helmich & Rauch(4) obtained data for the

range 200 to 100°C.

The first two studies(1,2) were done by using IR

spectroscopy and thus could distinguish between

the two water species, OH groups and molecular

water; diffusion profiles were deduced using sample

sectioning. These papers and, more comprehensively,

Ref. 5 showed that below 350°C molecular water be­

comes significant beside OH, the clearly dominating

species at high temperatures; earlier believe was that

molecular water would occur only in silica glasses

with total water contents much higher than used

in the experiments of Refs I, 2 and 5. In the studies

by Lanford et al, and Helmich & Rauch, a nuclear

reaction analysis (NRA) technique was employed to

measure H diffusion profiles, using the fact that the

appearance of H in the Si02 matrix is a signature for

the incorporation of water. The two water species can­

not be distinguished by this technique. An advantage

of H profiling by NRA is the high depth resolution

which permits the analysis of rather shallow diffusion

profiles. Helmich & Rauch also performed hydration

experiments with 180 enriched water in the same

temperature range and measured 180 depth profiles

by a NRA technique.(4)

In the theoretical treatment a widely used model of

the diffusion process is the diffusion reaction model

of Doremus.(6,7) References to alternative concepts

are cited in Ref. 7; the paper by Behrens & Novak(8) is

also of interest here. The model of Doremus assumes

that water molecules in silica glass can be described

essentially by analogy to physically dissolved inert

gases. Thus, they populate voids in the Si02 network

and are the diffusing species, transporting hydrogen

and oxygen. An additional feature is that they can

interact with the Si02 network by the (reversible)

reaction

H20 + SiOSi � SiOH + HOSi (1)

The OH groups formed in the reaction are assumed to

be basically immobile. Results obtained by Helmich

& Rauch(4) provide support for these assumptions.

Concerning the concentration of dissolved water mol-

ecules, C, it should be proportional to that in the gas
lCorresponding aulhor. Email f.rauch@em.uni-frankfurt.de
* Presenl address: Gesellschaft fiir Schwerionenforschung mbH, Planck- phase, Cw and, hence, to the water vapour pressure, P;
slr. 1, 64219 Darmsladl, Germany further, the ratio C/Cg should be of similar magnitude
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as for inert gases. By applying this model to diverse

experimental diffusion data for temperatures above

300°C, Doremus obtained a coherent picture for the

molecular water diffusivity in this range, with the

diffusion coefficients following nicely the Arrhenius

law.(7) We shall come back to this result in Section 4.

With regard to the concentration of OH groups, S,

there is the empirical relation S2_p for temperatures

above 300°C. Together with the above assumption

that C-P this means that S2_C. The square root de­

pendence implies that the two OH groups formed by

the above reaction behave as independent entities,

e.g. there is some OH diffusivity in this T range.(7) In

contrast, for low temperatures it is expected(7) that the

two OH groups stay paired for long times. Then the

concentration of OH groups will be proportional to

that of water molecules and, thus, to the water vapour

pressure. This expectation has been confirmed experi­

mentally. The relation S-C was observed at 250°C for

a wide concentration range,f2) and the ratio S/C was

found to be neady independent of P in measurements

at 150 and 250°c.(5)

The aim of the present work has been to gain more

complete data on water diffusivity and solubility for

temperatures 200°C and below. This range will be

called the low-T range hereafter. The low-T range is

a relevant temperature range with respect to many

practical uses of silica glass and likely of Si02 thin

films, too.(3) It was also of interest to see if the success­

ful application of the diffusion reaction model at high

temperatures could be extended to the low-T range.

Similar to before, (4) we employed NRA techniques

for characterising the hydration layers formed in

the samples by hydrothermal treatment. Additional

information was gained by IR spectroscopy. In our

previous study(4) we observed a time dependent H

surface concentration, co. The time span to reach the

equilibrium state of the above reaction, characterised

by a saturation value of co, was between several hours

and several days. In the present work this fact was

taken into account: The data reported here were

obtained in experiments for which the treatment

times were chosen sufficiently long that equilibrium

or near equilibrium was established. Time dependent

surface concentrations of OH groups and molecular

water have been reported also by the Tomozawa

group.(1,2)

expressed in the units used in the present paper,

this value of the intrinsic OH content represents an

intrinsic H concentration value of 6.2xl017 cm-3. (For

silica glass, the conversion is 1 wt ppmOH to 7.8xlQ16

cm-3 H. The form chosen here for stating H concen­

tration values seems preferable to the form wt ppm

OH used in many papers because, as noted above,

the NRA techniques cannot distinguish between the

different water species.) Our NRA measurements of

the intrinsic H concentration of this glass resulted

in 1.lxl018 cm-3, with an error of about 30%. This

value is somewhat higher than to be expected from

the quoted OH content; at any rate, the intrinsic H

concentration could be neglected in the evaluation of

the diffusion profiles.

The samples were in the form of flat plates with

dimensions 1 mmxl0 mmxl0 mm. In order to obtain

fresh surfaces they were etched in 10% HF for 10 min.

For the hydrothermal treatments the samples were

immersed in distilled water, either H20 or D20, which

was contained in (partly filled) teflon lined stainless

steel vessels. The vessels were put in an oven set at

the desired temperature, T. The Tvalues ranged from

60°C to 200°C. They are listed in Table 1, as are the

values of the treatment time, t. Since the vessels were

closed the variation of the treatment temperature

implied a variation of the water vapour pressure (see

Table 1). In experiments at 23°C, one sample was kept

in H20 in a teflon container, under which condition

P=2.8 kPa, and another sample was kept in the open

atmosphere with mean relative humidity of 50%, cor­

responding to P=1.4 kPa. The samples were analysed

by NRA usually a few days after the hydrothermal

treatment. As shown before(4) the hydrogen profiles

are very stable at room temperature.

2.2 Measurements

H depth profiles were measured by means of the

15N technique that we have used before for this pur­

pose.(4,9) It is based on the resonant nuclear reaction

lHC5N, ay)12C. The sample is bombarded with 15N

ions. The reaction y-ray yield is recorded as function

of the stepwise increased 15N energy (starting at the

resonance energy 6.4 MeV) and is then converted

into the H concentration as function of depth. More

details may be found in Ref. 9. The depth range of

this technique is about 2.5 �m. The 15N ion beam was

2. Experimental delivered by the 7 MV Van-de-Graaff accelerator of
the Institut fiir Kernphysik.

2. 1 Samples and hydrothermal treatments For determining D depth profiles the nuclear reac-

The experiments were conducted with samples of the tion DeHe,p)4He was used.(10) In this technique one

silica glass Infrasil 301 (a type-I fused quartz) pur- measures (at a fixed 3He ion beam energy) the energy

chased from Heraeus Quarzglas GmbH. According to spectrum of the protons which is then converted

the cat�l?gue o� the supplier, this glass has an overall into the D depth profile. The procedure is similar to

�e�alll.c l�punty content of typically 26 wt ppm and that for determining 180 profiles using the reaction

ltS mtnnslC OH content is less than 8 wt ppm. When 180(p, a)15N.(4) The D profile measurements were done
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Figure 1. IR spectrum of a sample hydrated at 200°Cfor

1440 h, after subtracting the spectrum of an untreated

sample. The OH band and the H20 band appearing in the

spectrum are discussed in the text

with 1.5 MeV 3He ions at the 2 MV Van-de-Graaff

accelerator of the Institut fiir Kernphysik. The depth

range of this technique is 5 flm.

Two IR spectra were measured on a hydrated

(H20; 200°C, 1440 h) and on an unhydrated sample,

each of thickness 0.2 mm. The instrument used was a

Nicolet spectrometer (Mod. IR 550) at the Gesellschaft

fiir Schwerionenforschung, Darmstadt.

3. Results and discussion

Figure 1 shows the IR spectrum of the sample

hydrated at 200°C for 1440 h, after subtracting the

spectrum of the unhydrated sample. The two absorp­

tion bands with maxima at about 3670 cm-1 and at

1.5

• 9360 h (water)

... 15120 h (air)

0.5

•
0.0

o 200 400 600 800
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Figure 2. Hydrogen depth profiles of samples treated at

23°C. The lines through the data points are fit curves ob­

tained by using Equation (2). The data points represented

by the open symbol (Ll) were omitted in fitting the profile

of the sample hydrated in air (compare text)
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Figure 3. Hydrogen depth profiles of samples treated at

100°C. The lines through the data points are fit curves

obtained by using Equation (2)

about 3400 cm-1 are the OH band and the H20 band,

respectively. As can be seen the H20band is relatively

strong, signifying that an appreciable fraction of the

incorporated water exists as water molecules. This

observation is in accordance with the finding by the

Tomozawa group mentioned in Section 1 about the

increasing significance of this species at temperatures

lower than 350°C.(1,2,5) In the discussion further below

the ratio of the amplitudes of the OH band and the

H20 band obtained from Figure 1 will be exploited.

Several of the measured H and D depth profiles are

displayed in Figures 2 to 4. The scatter of data points

originates in statistical errors. The lines shown are fit

curves obtained by using Equation (2)

c=coerfc(x)/(2-J(Det)) (2)

in which c is the H or D concentration, Co is the respec­

tive surface concentration, erfc is the complementary

8
... 22.0 h

• 92.5 h

2

o
o 1000 2000 3000

Depth (nm)

Figure 4. Hydrogen depth profiles of samples treated at

200°C. The lines through the data points are fit curves

obtained by using Equation (2)
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Table 1 shows that the Co values at 200°C found for .

treatment times from 22 h to 92.5 h agree we11 among

each other. As nQted in Section 1, this means that

equilibrium has been reached for t=22 h (or perhaps

somewhat shorter times). The mean value co=6.8x1Q20

cm-3 also agrees closely with the Co value found in

Table 1. Treatment conditions and results from the evalu- Ref. 4 after 6 days. The Co values for two different

ation ofH (0) profiles t values agree also at 140°C, at 1Q0°C and at 60°C.

T (OC) P (kPa) t (h) I (a) Since, in general, the treatment times chosen in the
0, (cm'/s) Co (10'0 cm-3)

23 2.8 9360 H 1.2xlO-17 1-4 experiments increased with decreasing temperature

1-4 15120 H 9.0xlO-18 0.9 in order to make up for the decreasing reaction rate,

19.9 1416 H 2.9xlO-16 1.9 we believe that equilibrium or near-equilibrium was

31.2 2��� � �:i:���:: ;:� attaineC;i in a11 cases. The t values for 160 and 120°C
47.3 1416 H 1.2xlo-15 2.5 are relatively short. However, the corresponding Co

101 336 H 2-9 x 10-15 2.8 values fit we11 into the systematic trend of the other
1319 H 3.7xlO-15 26 1
168 0 2.6xl0-14 3:3 Co va ues (see Figure 7). Thus, it is justified to take

253 0 5.8xlO-14 3.8 a11 the surface concentration values Co as saturation

1147 0 1.0xlO-13 3.8 values. This means that also 2Co and SO are saturation

336 H 1.2xlO-13 3.7 values.
336 0 1-1 x 10-13 3.7

112 H 6.2xl0-14 5.0 The De values will be discussed first. They

408 0 1-6x 1 0-13 5.3 cover about five orders of magnitude as a function
22 H 7. 7x 10-13 6.9 f h d d
45 H 8.5xlO-13 7.3 0 temperature. T is epen ence is visualised in

92.5 0 6.0xlO-13 6.3 the Arrhenius diagram of Figure 5. In setting up

(a) H and 0 stand for hydrothermal treatment in H,O and 0,0, the diagram we presumed that the De values do not
respectively. depend on the pressure P during the hydrothermal
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error function, t is the hydration time and De is the

diffusion coefficient. This functiona1 form (2) was

found to describe aU the profi1es measured over their

fuU range and, hence, it was used a1so for the remain­

ing ones. In the 23°C/air profile the near surface data

points lie 10wer than to be expected. The reason for

this is not clear. However, it seemed justified to omit

these data points in fitting the profile.

It should be noted that De is an effective diffusion

coefficient for water (in the form of OH groups and

of water molecules), which is to be distinguished

from the diffusion coefficient for water molecules

mentioned in Section 1. This point will be discussed

further below. Also the concentration of hydrogen

relates to both species and may be expressed as the

sum c=2C+S, where the factor 2 accounts for the

two hydrogen atoms of the water molecule. Spe­

cifica11y, for the surface concentration the relation is

co=2Co+So.

The De and Co values obtained are listed in Table

1. (For the convenience of readers accustomed to

units wt ppm OH, two H concentration values are

given into these units; the Co value in the first line

corresponds to l'Ox1Q3 wt ppm OH, the one in the

last line corresponds to 5.4xl03 wt ppm OH). The

errors of the De values are 20-30%; in some cases,

when the profiles could not be measured over the

fu11 depth, they are about 30%. The errors of the Co

values are between 15% and 20%. Within the error

limits, the De and Co values from samples treated in

H20 agree with those from samples treated under the

same conditions in D20. Therefore, they will not be

distinguished henceforth, and the letter H will denote

both hydrogen isotopes. This agreement is in line

with the diffusion mechanism: The diffusivity ratio

of the two kinds of molecules, given by the square

root of the mass ratio D20/H20, is only 5%.
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Figure 5. Arrhenius diagram showing the values of the

effective diffusion coefficients De obtained in the present

work (symbol: A). The line is a least squares fit to these De

values. Also shown are De values from previous studies,

as discussed in the text. Thosefrom Ref 4 are represented

by the symbol 0, the De valuefrom Ref 3 by the symbol il
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H20 bands in the various IR spectra differ somewhat;

thus, it is expedient to take the absorbance ratios only

as approximate values.)

With the two Dmw values gained here the appli­

cability of the diffusion reaction model in the range

below 350°C can be assessed, starting from the expec-

(The factor 2 takes into account that two OH tation that, as in the case of inert gases,C15) one single

groups are formed by the conversion of one water activation energy Emw will describe the molecular

molecule.) The ratio 5/C is accessible through IR water diffusivity for the entire range from room

spectra; it closely corresponds to the absorbance temperature to high temperatures. The Arrhenius

ratio of hydroxyl band and water band since the diagram of Figure 6 shows in the lower right part the

molar absorptivities E for the two bands are nearly present De data, as in Figure 5, and in addition the two

equal numerically, 77.5 Iglas.lmoloHcmglass and 81 Dmw values calculated above; in the upper left part

IglasJmoIH2ocmglass.(5) From the IR spectrum in Figure are shown the Dmw values calculated by Doremus(7)

1 one finds 5/C",2.3 at 200°C and from IR spectra at which were referred to in Section 1. (They are listed

150°C(1,5) one finds 5/C",I.3. The resulting Dmw values, in Tables I, III and IV of Ref. 7.) These values had been

calculated by using the respective mean De values in derived from experimental De values for OH and 180

Equation (4), are 1.6xl0-12 cm2/s and 1.9xl0-13 cm2/s, in the temperature range 1300 to 350°C; the ratio C/Cg

respectively. At this point, it may be noted that the appearing in the derivation had been 0.015, as sug-

quantity 5/C decreases with decreasing temperature. gested by results for inert gases. (7) The dashed line in

This becomes evident when the above 5/C values are Figure 6 results from a least squares fit to these data

considered together with those obtainable from IR that we have carried out; the corresponding activation

spectra at 250°C, where 5/C"'3'0(2) and "'2'5/5) and at energy is Emw=(67.9:tl) kJ/mol. (Ref. 7 states that the

300°C, where 5/C"'3'5.(14) (The shapes of the OH and activation energy "is about 70 kJ/mol".)
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treatment. This supposition seems well justified in

view of the small compressibility coefficients of silica

glass (2.6xl0-11/Pa(11») and of the void size of silica

glass (1.8xl0-1O/Pa(12)). As Figure 5 shows, the set of De

values can be well described by the relationship

(3)

where Deo is the pre-exponential factor, EH is the

activation energy, T is the absolute temperature and

R is the gas constant. A least squares fit through the

data points, denoted as the Arrhenius line, hereafter,

results in EH=(72.3:t2) kJ/mol and Deo=7'6xl0-5 cm2/s

(logDeo=-4.12:t0'32).

There are some experimental results from previ­

ous studies which can be compared to the present

ones (compare Figure 5). The De values obtained by

Helmich & Rauch(4) for T=100-200°C are compatible

with the values found here, taking into account the er­

ror ranges. The activation energy derived from those

De values, 55:t7 kJ/mol, is to be superseded by the new,

betler founded value. The De value at 90°C obtained

by Lanford et al,<3) lxl0-15 cm2/s,1s somewhat low

compared to the present results. In Ref. 1, Figure 17,

. a De value for OH groups at T=80°C is reported which

amounts to about 2xl0-15 cm2/s as may be reaetfrom

this figure. It agrees fairly well with the present De

value at 80°C. Such agreement between the De values

for H and for OH is in accordance with the relation

S-C that holds in the low-T range, see Section 1.

The relationship (3), together with the value of the

activation energy, describes the effective diffusivity

of water in the temperature range covered. This kind

of information is valuable with regard to practical

uses of silica glass. Of interest regarding the model

description are diffu@on coefficients for molecular

water, Dmw• At equilibrium, where 5-C holds, Dmw is

connected with De by the relation(l3)

(4)
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Figure 6, Arrhenius diagram showing the same De values

as in Figure 5 (symbol: .) and in addition the two Dmw

values obtained in the present work (symbol: 0); further,

Dmw values taken from Ref 7 are shown, compare text

(symbol: 0), The full line is a least squares fit to the De

values, as in Figure 5, The dashed line is a least squares

fit to the Dmw valuesfrom Ref 7. The dashed-dotted line is

a least squares fit to the Dmw values from Ref 7 andfrom

the present work
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related quantities. It was noted above that Co, Co and

So are saturation values. Since the saturation value

represents the solubility at the respective temperature

and pressure, Co and So represent the molecular water

solubi1ity and the "solubi1ity" of OH groups. Thence,

the sum Co+So/2 corresponds to the total (or effective)

water solubility. In the following, this quantity wi1l

be denoted W; numerically, W is ha1f the surface

concentration co.

The values of the total water solubility vary by less

than a factor 10 (compare the Co values in Table I),

quite different from the case of the De values. Since

C and S both are proportional to the water vapor

pressure P and this variable changes by more than a

factor 500, the small variation means that the solubi1­

ity strongly decreases with increasing temperature.

For visualising the temperature dependency, the total

solubility data normalised to a constant pressure of

100 kPa are shown in Figure 7 in a Van't-Hoff-type

diagram, in analogy to the treatment of solubility data

for Ar(16) and for Ne.(17) (In the cases of two or three

Wvalues at a given temperature, the mean value has

been employed.) The data set is well described by

the relationship

W/P=(Wo/P)exp(-t'J.H(W)/RT) (5)

in which Wo/P is the pre-exponential factor and

t'J.H(W) is the enthalpy of solution. A least squares

fit resu1ts in the values t'J.H(W)=(-31'5::t1) kJ/mol and

Wo/P=1.2x1016 cm-3/100 kPa (10g(Wo/P)=-16'08::tO'l3).

Thus, there is a coherent description of the effective

water solubility as function of temperature and pres-

sure that should be valuable for applications of silica

As can be seen, the fit line runs rather close to the glass in the temperature range investigated.

two Dmw data points obtained in the present study. Some conclusions can be drawn also with regard to

This proximity gives support to the assumptions molecular water solubility. By using the above values

used in the calculation of the Dmw values of Ref. 7. for S/C at 200°C and 150°C the solubility values Co/P

We deemed it justified, consequently, to add the for these temperatures are obtained, amounting to

two low lying Dmw values to those from Ref. 7 for 46% and 60% of the associated W/P values. They have

attaining an improved Arrhenius line for molecular been plotted in Figure 7. It appears reasonable to as-

water diffusion. The resu1t of the least squares fit sume that Co/P has the same functional dependency

to this expanded data set is shown in Figure 6 as a on temperature as W/P. For the associated enthalpy

dashed-dotted line. The respective activation energy of solution, t'J.H(Co), an approximate value range can

is (71'2::t1) kJ/mol (logDmwo=-3.78::tO'06). be gained by utilising the trend of S/C noted above.

Compared to the dashed line this Arrhenius line This trend implicates that the difference between

is better compatible with the present De data and Wand Co decreases with decreasing temperature.

with the temperature trend of S/C described above. Therefore, t'J.H(W) may be taken as one margin of the

This trend would call for a slope still a little larger, a value range. A rough estimate for the other margin

condition that may be achieved, e.g. if in the model should be provided by the slope of the line defined

calculation for the range l300°C to 350°C the ratio by the Co/P data point at 200°C and a virtual data

Co/Cg employed is changed slightly or allowed to point at 23°C defined by assuming that So«Co at

slowly vary with temperature. Additional S/C data this temperature, i.e. Co(230C)zW(23°C). The slope

for temperatures below 150°C could provide a more corresponds to about 36 kJ/mol, so that the approxi-

quantitative basis. At any rate, the above Emw value mate value range for t'J.H(Co) is -31 to -36 kJ/mol. This

as well as one somewhat larger than 71.2 kJ/mol fits value range compares fairly well with the enthalpies

well into the sequence of activation energies of inert of solution for Ar and Ne in silica glass, 31.5 kJ/mol(16)

gases as function of the molecular radius.(15) and 6.7 kJ/mol}17) respectively. Thus, with respect to

We now turn to the concentration values and this quantity dissolved molecular water is compara-
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Figure 7. Van 't Hoffdiagram showing the values ofW/P

(symbol: �), the total water solubility normalised to pres­

sure, as obtained in the present work. The line is a least

squaresfit to theWIP values. Also shown are two values of

Co/P (symbol: 0), the molecular water solubility normalised

to pressure, calculated as described in the text
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ble to inert gases.

The absolute solubility values for molecular water

are about 1.6x1020 cm-3 at 200°C and about 1.lx1020

cm-3 at 150°C. These values are well compatible

with the concentration of voids, about 1021 cm-3,

that are accessible to inert gases of the size of water

molecules.(15) It must be noted, however, that they

are much larger than the values corresponding to

the relation C/Cg""O.015 which holds for inert gases

as well as for molecular water at high temperatures

(see above). When expressed in this form, one obtains

C/Cg""O.7 and ""1.4 at 200°C and 150°C, respectively; at

23°C this ratio is 62 if S/C does not decrease further

than the 150°C value, otherwise it will be even larger.

When considered in the framework of the Doremus

model, the relatively large C/Cg values found indicate

that only some small fraction of the water molecules

is in an unbound state like that of inert gases while

the other fraction is in a state not included in the

model. This inference is in qualitative agreement with

the finding by Davis & Tomozawa(5) that the water

band in the IR spectra of silica glas8 hydrated at low

temperatures consists of three components; one of

. them is attributed to free, unbound water molecules

and two others to hydrogen bonded and structmally

bound water molecules.

4. Summary

The present work provides for the first time a rather

complete set of data on the effective water diffusiv­

ity and solubility in silica glass for the temperature

range below 200°C. It is found that even at such low

temperatures the contact of silica-glass with water or

humidity affects the glass to a significant degree. At

room temperature a surface layer of several100 nm

becomes hydrated in the course of several months

and the H concentration reaches a value of about

1x1Q20 cm-3 (equivalentto aboutO.9x103wtppm OH),

a rather high impurity level. These new data should

be helpful in assessing the behaviour of silica glass

during treatment steps and with regard to long term

performance. Of scientific interest are the results on

the diffusivity and solubility of molecular water in

silica glass. The diffusivity results largely corroborate

the assumption of the diffusion reaction model of

Doremus that molecular water behaves similar as

inert gases; however, the solubility values found

disagree with the model predictions and indicate that

water molecules are dissolved also in other forms.
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