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ABSTRACT 

October 1971 

The statistical thermo~amics of the gas-in-glass system provides 

a basic model of both physical and chemical solubility. The physical 

solubility result is e'ssentially equivalent to that for monatonuc so1u-

bility. The chemical solubility result is dependent upon.the specific 

system involved. The model was compared with experiment for a variety of 

systems. Helium and neon in fused silica were examples of the physical 

solubility of monatomic gases. Variations of the thermal history of the 

fused silica did not appear to have a measurable effect on physical 

solubility as ~videnced in the helium data. Hydrogen in fused silica was 

an example of the phy..sical solubility of polyatomic gases. Physical 

solubility was measured by a modified Seiverts' technique and was 
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characterized by a linear dependence on pressure. Binding energies for 

the physically dissolved species were of the order expected for van der 

Waals bonding. 
. . . 1 

Vibrational frequencies were on the order of 10 13 sec-

with the heavier species having the lower frequencies. Hydrogen in fused 

siiica was a.2.so an example of the chemical solubility of polyatomic 

gases. The l:i.terature gave data for the chemical solution of hydrogen 

in fused silica, but the fused silica of this study did not, perhaps due 

to the presence of water-produced hydroxyls. Comparison of the model 

with the literature data showed a p1 / 2 pressure dependence for the solu-

bili ty (indicative of dissociation) and a binding energy of about 63 

kcal/mole (indicative of chemical bonding). 

., 
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Glasses are used in a wide variety of gas atmospheres. A statistical 

mechanical model of monatomic gas solubility in glass has recently been 

developed.
1 

The purpose of this paper is to extend the approach used in 

treating the monatomic gas solution to a general model of po1yatomic gas 

solubility in glasses and, then, to compare the general model with experi

mental solubility data. New experimental measurements were desirable as 

most of the literature data was available over a limited temperature 

range or from indirect measurements (usually from permeation and diffu

sion experiments).
2

'3 

The glass used was fu5ed silica, the simplest of the silicate glasses 

and a commocly used material. The gases used were those known to be most 

soluble in :.:,used silica, viz. helium, neon, and hydrogen. The primary 

experimental technique was a modification of Sei verts' metl:iod
4 

used for 

measuring gas solubility in liquid metal alloys. Also, the chemical 

absorption of hydrogen was measured from the infrared absorption spectra. 

Hydrogen is of special interest as.it shows both :physical and chemical 

solubility. 

It should be emphasized that the solubility to be discussed is in 

glasses below their transition temperature where glass is truly a rigid 

··solid rather than a supercooled liquid, as it is above the transition 

temperature. Solubility in the solid glass is that which would arise 

f'rom exposure to gases during material use while that in the liquid 

glass would arise during fabrication. 
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THE MODEL 

The model assumes an ideal gas in equilibriumwith the species in 

' 
solution. ~he ideal gas is represented by free particles in a three-

dimensional box (translation) with any internal molecular motion repre-

sentedby independent rigid rotors (rotation) and simple harmonic 

oscillators (vibration). The dissolved species may be considered as a 

similar combination of fUndamental modes of motion. However, the 

restriction of any molecular motion in the dissolved state is assumed 

to produce a corresponding vibrational mode of the simple harmonic 

oscillator type. 

Various types of solubility are possible. Noble gases dissolve as 

atoms. Polyatomic gases may dissolve with or without dissociation. 

Here, physical solubility is defined as solution without molecular 

' ' ' 

dissoCiation and wi ~h relatively weak van der Waals bonding of the 

\ 

dissolved atom or molecule with the glass. Chemical solubility infers 

molecular dissociation and relatively strong chemical bonding of the 

dissociated species with the glass. However, it must be noted that the 

solution of gases in the glass solid is generally restricted to the 

smaller molecular species which can interstitially diffuse through the 

glass network structure. 

Again, it should be emphasized that the glass being discussed is . ,; 
a rigid solid, i.e., below its glass transition temperature. This is 

important in the development of the model as the rigidity allows the 

assumption that the dissolved species are localized. 
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Physical Solubility 

This case has already been treated in the previous paper of this 

series1 for monatomic gas solubility. Equilibrium was considered be-

tween the gaseous and dissolved states requiring the Gibbs free energy 

of the gaseous state, G(g), to be equated to that of the dissolved state, 

G(s).. Expressions for the Gibbs energies were obtained from the assumed 

atomic model. Equating these expressions allowed the derivation of a 

final solubility equation which gave the solubility (in atoms per. cubic 

centimeter cf glass) as a function of gas pressure, temperature, funda
l 

mental constants, and material parameters (see Eq. ( 6) of ref. l). 

Act~lly, this result: is quite general for any polyatomic physical 

solubility in which the internal degrees of free~om (rotation .and 

vibration) are retained and the external translation of the center of 

mass of the gaseous molecule is transformed to localizedvibration for 

the dissolved molecule. The internal rotational and vibrational motions 

contribute to both G( g) and G( s) similarly so that these factors cancel 

when G(g) and G(s) are equated. Consequently, the solubility equation 

for this polyatomic physical solubility is 

P/P = (h2/2-T)312(kT)-Iw.[e -B/
2
T/(l - .-B/T)r exp[-E(O)/RT] (1) 

{ 

where n is the number pf gas molecules qissolved per cub~c centi~eter 
6 

of glass, p is the pressure of the gas atmosphere, h is Planck's constant, 

m is the mass of one molecule, k is Boltzmann's constant, T is the 

absolute te~perature, N
5 

is the number of solubility sites available per 
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cubic centimP-ter, 8 (= hVIk) is the characteristic temperature !'or v 

vibration of the center of' mass of the dissolved molecule with v the 

frequency of vibration, R is the gas constant, and E(O), the binding 

energy, is the energy of the molecule at rest (the lowest quantUm. state) 

in solution relative to the similar rest state in the f'ree gas; i.e. 

removed f'rom'the potential field of' the solid. 

Chemical. Solubility 

The treatment for chemical solubility is -basically a simple exten-

sioh of' the physical model. The ideal gas is represented as before but 

is assumed to be in equilibrium with a dissociated species in solution. 

There are two main results of this dissociation. First, the final solu-

bility equations are more ,lengthy becauSe the G(g). and G(s) expressions 

are more dissimilar. Second, the solubility, ns' does not vary with the 

first power of pressure. 

The form of the final solubility equation depends greatly upon the 

specific system involved. TherefOre, a simple but representative example 

will be ccmsidered, viz. the solubility of a homonuclear diatomic gas as 

dissociated monatomi~ species assumed to be localized simple ha~monic 

oscillators. Treatment of this case leads to the Gibbs energy expres-

sions. 

} . ). 1 I . 1 [ -8 . I2T ( -8 . IT)~l 
G(g) = -RT 1n l(2nmkTih

2 3 2
(kTip)-L.T/(2er)J e v

1 1 l-e V1 ~ 

(2) 

. ... 
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and 

(3) 

where 8 is the characteristic temperature for rotation { 8 = h 2/8TI2Ik 
r . r 

where I = moment of inertia) of the diatomic molecUle, 8 . is the . v~ 

characteristic temperature for vibration of the molecule's internal 

vibrational mode, £el is the negative of the dissociation energy of the 

diatomic molecule, e is the characteristic temperature for vibration of v 

the monatomic species, and E( 0) is the binding energy between the mona-

tomic spedes and the glass·. Also, n is now the number of dissolved s 

atoms per cubic centimeter of glass rather than the number of molecules 

as in the physical solubility case. 

Equating G( g) and G( s) and rearranging terms gives the final solu-

bili ty equation for the chemical solubility of a homonuclear diatomic 

gas 

{4) 

This result will later be compared with the experimental case of H2 

gas dissociating upon solution to form H atoms which bond to the oxygen 

ot the fused silica network to form Si-OH groups. 
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EXPERIMENTAL METHOD 

The solubility of helium, neon, and hydrogen in fused silica was' 

measured. The thermal history of the fused silica was carefully 

characterized. The measurement of gas· solubility was made by two tech-

niques: a modified Seiverts' technique and infrared absorption. 

Thermal History 

Bruckner5 reported a dec·rease in the density of fused silica with 

increased water content where the "water" existed in the glass as 

hydroxyl units. 6 However, Douglas and Isard reported an increase of 
<? •• ' 

similar magnitude in the density of fused silica with increased_fictive 

temperature. Therefore, in order to fully characterize fUsed silica, 

the simultaneous effects of both "water" content and fictive temperature 

on the glass density (which is indicative of the glass structure) must be 

known. 

The sample material studied was a standard commercial fused silica 7 

in the form of thin (about 0.12 nmi thick) disks. An emission spectra-

graphic analysis of the types of glass specimens used in this study is 

summarized in Table I. Specimens were t~eated with fictive temperatures 

of 1000, 1100, and 1200°C and in water vapor pressures from 0 to 1 atm. 

The treatments were ended with air quenches in order to "freeze in" the 

equilibrium glass structures. Details of the thermal history experiments 

8 are given ~lsewhere. 

Special care was taken. in handling any fused silica in order to 

prevent devitrification. A standard preliminary cleaning procedure in-

valved four steps: (a).l minute in xylene, (b) 15 seconds in a 5% HF 

solution, (c) 1 minute in distilled water, and (d) 1 minute in acetone. 

. -
( 
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By handling the silica only with clean tweezers following this cleanine:,, 

no devitrification problems occurred. 

Sei verts 1 Method of Measuring Solubility 

A modification of Seiverts' method4 was the primary technique used 

to-measure gas solubility. A cell containing the sample material (fused 

silica) was evacuated, filled with the gas of interest to about 1 atm, 

and then sealed. The pressure of the system dropped slowly as the gas 

dissolved into the specimen. The total pressure drop indicated the 

amount of gas dissolved in the known amount of specimen at the final 

pressure and temperattire. 

Each 'sample cell was 44.5 rom deep and 19.1 rom diameter and located 

symmetrically in a nickel block. One cell was filled with fused silica 

rods of ei t~er l or 6 rom~'O. D. , and the other was empty. The empty cell 

served as a control to monitor any pressure fluctuations which were not 

associate:d uith solubility. The pressure in each cell was monitored 

by pressure transducers. 9 Nickel capillary tubing connected each trans

-ducer with its respective cell. The cells were heated in a Kanthal wound 

furnace. The cells and furnace were in a closed chamber which was 

evacuated and back-filled with argon. 

A typical run involved eyacuating the cells and heating the system 

to the experimental temperature. C:1 ~-; was taken to evacuate the experi-

mental cell sufficiently to complete:_:: desaturat_e the fused silica of any 

dissolve~ gas. The cells were then back-filled with about one atmosphere 

of' the gas of interest; the individual cell-transducer systems were 

sealed off; and the pressure of each was monitored. Depending on the 

system and temperature of operation, a final equilibrium pressure would 
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be established in the experimental cell in from 30 minutes to 24, hours. 

The higii solubility of hydrogen in nickel required replacing the 

nickel celJ.s with fused silica cells. Fused silica was then used both 

as the container and the specimen. This was undesirable but required 

because fused silica has about as low hydrogen solubility as any con-

veniently available container material. The amount of1 gas lost to the 

container in each experiment was indicated by the control cell, and the 

correction was made. 

Ir Measurement of Solubility 
. . 

A supplementary method for measuring gas solubility was available 

for the specific case of chemically dissolved hydrogen in fused silica. 

It has been notedlO,ll that chemically dissolved hydrogen is present as 

hydroxyl groups, which give an absorption peak at 2. 7 11 in the ir spectra. 

This situatiqn is essentially the same as rioted for water solubility
12 

and the experimental technique is very similar. 

· Disks of the kind used in the thermal history experiments were 

placed in. aBrew furn~ce and heated to the desired temperature in one 

atmosphere., of flowing hydrogen. The disks were cooled as quickly as 
. ..:· . . 

possible (at about 300°C/min.) in order to quench in the chemically 

dissolved hydrogen. 

Th~ d~~k~ were placed in a B~ckmap IR-4 infrared spectrometer, and 

the ir spectrum was monitored from 2 to 5 11 to measure the hydroxyl peak • 

. RESULTS AND DISCUSSION 

Solubility model equations are given in the MODEL section. These 

equations.express the solubility (n ) of gas atoms or molecules at a s 

given pressure as a function of temperature, fundamental constants, and 

1 -
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The temperature range of interest extends from room temperature to 

near the. glass transition temperature (around 1000°C for fused silica). 

The mass, m, of a given dissolved atom or molecule is known·. The number 

of sites per unit volume, N , can be calculated with great accuracy "for 
s 

a crystal, since Ns is simply the number of most probable (usually 

largest) openings in the structure :which would serve as solubility sites. 

The disordered structure of glass makes such estimates more difficult. 

Furthermore, for chemical solubility, the "reactivity" of possible sites 

is a factor .. For glasses with structures similar to ,known crystalline 

form5, ·a 'sra:cisfactory estimate should be possible. 

Values of 8 , 8 . , and £ l for most common molecules in the gaseous r v1 e 

state are readily available. The two parameters for the dissolved 

species are t~1e vibrational frequency, v, and the binding energy, E(O). 

Both can be estimated from calculations of the attractive and repulsive 

potentials at::~ing on the dissolved species in the assumed solubility 

s).t.es. But even for well-defined sites in a crystalline structure, only 

approximate values can be obtained because of uncertainty about the 

exact potentials involved~ Consequently, v and E(O) were chosen (see 

below) to best fit the experimental solubility data by·varying them 

around values found by others for helium and neon solubility in crystal-

line oxides. 

· J:ollovdng a summary of the characterization of the glass, the 

experimental solubility results will ?e correlated with the solubility 

equations .• · 
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Characterization of Fused·Silica 

~igure l shows the dependency of the density of fused silica on 

both water (or -OH) content and fictive tempe:rature. 8 These data in-

dicated the state of the solubility specimens following a given thermal 

treatment. Thl! convenient glass transition ra.Jige for fused silica is 

1000 to l200°C. Below l000°C, structural relaxation occurs very slowly 

making equilibrium densities difficult to obtain. Above 1200°C, relaxa-

tion is rapid ~aking quenches difficult. Also, devitri.fication becomes 

a problem above l200°C. Most solubility specimens were given a fictive 

temperature of 1100°C and were nearly water-free. Figure l(a) indicates 

the best fit isotherms for the density-hydroxyl content variation. 

Figure l(b) shows the density-fictive temperature constant composition 

curves corresponding to the isotherms of Fig.·l(a). 

Physical Solubility - Helium in Fused Silica 

The results of a typical experimental run with the Seiverts' type 

equipment is shown in Fig. 2 indicating the specimen cell pressure as a 

function of tJ.me. The pressure drop shown in Fig. 2 indicates about 90% 

of the gas :.wlubi li ty in the glass. However; some gas (about 10% of the 

total amount dissolved) enters the glass during the brief period of time 

when the cells are being filled with gas before the cells are sealed 

(at time = 0 i:q Fig. 2). Th~ solubility data in this paper ~ncludes 

both contributions' i.e.' the total solubility. 

The collected solUbility data for the helium-fused silica system 

are given. in Table II. Three sets of data are noted. The. (1100°C, "dry") 

set refers to a silica with a fictive temperature of ll00°C and nearly 

:free of chemically dissolved water. The (1200°C, "dry") set refers to 

,_ r 



-11- LBL-401 

a water-free. ~ilica with a 1200°C fictive temperature. The (1100°C, 

"wet") data refers to a silica with 1100°C fictive temperature which was 

held for 7 days under 1 atm water vapor pressure at 1100°C giving a con-

tent of about 0. 09 ·weight percent -OH. Within the scatter of the data, 

all tl:J.re~ sets app~ar to follow essentially one curve as shown in Fig. 3. 

It should also be noted that 1 mm silica rods were used as speci-

mens for. runs below 250°C, and 6 mm rods were used above 250°C because 

of the i'ncreasing diffusivitY of helium in fused silica with temperature. 

AroUnd 250°C, both sizes were used, and th·= resulting data were generally 

in good agreement. 

One feuture of the physical solubilit;y equation (Eq. (1)) is the ,. 

linear dependence of solubility, n , on pressure, p. An experimental 
s 

test of this feature for helium in fused silica at 209°C is shown in 

Fig. 4. 

Figure 3 compares the experimental data for helium in fused silica 

with a plot of the physical solubility equation. The mass, m = 6.64 x 

-24 . . 22 
10 . g, is that for helium. The number of sites, Ns = 2.22 x 10 sites 

per cm3 of glass, is that calculated for fused silica which has a slightly 

distorted cristobalite structure. 13 The values of v ( = 6.9 x 1012 sec-1 ) 

end E( 0) ( = -1. 5 kcal/mole) were chosen to give the best visual fit 

P~t~~~B ~p~ tp~pp~t~p~ c~ye ~f' f~~' ~ ~4 ~he ~in~~ +e~t 9q~~~s fit 

of the data. The theoretical plot has a slight ~curvature. Both v and 

E(O) ar~ in good agreement with the range of values found for helium 

solubility in crystalline oxides includi.ng cristobalite.
14•15 For in

stance, :Barrer and Va.ughan15 calculated v to be in the range of 1.9 -

7.8 x 1012 sec-l and E(O) from -2.0 to -3.16 kcal/mole for helium in 
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cristobalite with the variation depending upon the method of. calculation. 

This agreement of experiment and theory using reasonable p;;rameters is 

considered quite satisfactory. The linear dependence of the solubility, 

n , on pres£ure, p, in Fig. 4 further displays this agreement. 
s 

It appears that the solubility of helium in fused silica is rela-

tively insensitive to the thermal history of the glass. Some properties 

such as viscosity and the velodty of sound have been shown to be 

sensitive to small quantities of OH. 12 However, a property such as 

physical gas solubility would be ex:rected to be primarily sensitive to 

the site density, N , which (along with the bulk density) is varied by s . 

much less than 1% by any thermal treatment given to the samples of these 

experiments~ Other parameters such as v and E( 0) which would depend upon 

the site geometry would reflect similarly small percentage changes. This 

insensitivity of solubility to thermal history is in agreement with the 

findings of lvlasaryk16 that h.eli~ permeation through fused silica was 

only slightly aff~cted by thermal history. 

PhYsical Solubility - Neon in Fused Silica 

The solubility data for the neon-fused silica system are given in 

Table III. Only (1100°C, "dry") data are given. 

Figure 5 compares the experimental data for neon in fUsed silica 

with a plot of the physical solubility equation. The mass for neon is 

-23 m = 3.55 x 10 . g. The site density, N , is unchanged from the previous s . 

section. The values of v (= 4.38 x 1012 sec-1 ) and E(O) (= -2.8 kcal/ 

~le) were chosen to_ give the closest agreement between the theoretical 

curve and the linear bestfit line of the data. The E(O) is in the. same 
I 

range found for helium·and agrees fa~orably with the calculations of 
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15 :Bar.:er and Vaughan for neon in crystalline silica. The lower v is 

expected because the vibrational frequency of a harmonic oscillator is 

inversely proportional to the square root of its mass. This observation 

is discussed further in the next section. As with helium, good agree-

ment ·is shown in Fig. 5 between the Ne-Si02 data and the modeL 

Physical Solubility - Hydrogen in Fused S~lica 

Data for the physical solubility of hydrogen in fused silica is 

given in. Table IV. ·Only (li00°C, "dry") data were obtained. 

An important test of the hydrogen .data is the dependence of solu-

bility on pressure. A linear dependence on pressure indicates molecular 

solubility, and a dependence on pressure to the one-half indicates 

dissociative solubility. Figure 6 shows a plot of solubility versus 

pressure at 447°C indicating linear dependence on presslire which is con-

sistent with molecular solubility. 

·Figure 7 compares the experimental data for the physical solubility 

of hydrogen in fused silica wi tb a plot of Eq. ( 1).. The mass, m, of H2 

is 3~35 x 10-24 g. The site d~zi~ity, N , is unchanged from the previous s 

sections. As for the monatomic cases, the values of v (,= 1. 22 x 1013 

sec-1 ) and E(O) (= -3.04 kcal/mole) were chosen to give the closest 

agreement between the theoretical curve and the linear bestfit of the 

data. These' values of v and E(O) are in general agreement with those 

found for the monatomic .gases. In the previoUs section, it was noted 
I 

that the heavier dissolved species would be expected to have the lower 

values of v. Table V summarizes the mass and vibrational frequency 

relationships~fo~ the three physically dissolved gases of this study. 

The results of Table V are in good qualitative agreement with the 
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expectation noted above although v is not exactly inversely proportional 

to the square root of the mass, m. The deviation could result from 

different force constants for the three oscillators, non-ideality of the 

oscillation, imprecision of the data, or, more likely, a combination of 

all these factors. However, the overall agreement between the model and 

experimental results for physical hydrogen solubility is considered quite 

satisfactory. 

Chemical Solubility - Hydrogen in Fused Silica 

Lee, et al. lO,l7-l9 have reported the chemical solubility of hydrogen 

in fused silica above 500°C. This solubility was in addition to the 

physical solubility. However, Lee's data had a good deal of scatter iind 

the results varied greatly between different types of fused silica. This 

lack of reproducibility might be the resUlt of impurity dependence of the 

11 
chemical hydrogen solubility. Bell, et al. have reported what. appears 

to be the only unambiguous data for chemical hydrogen solubility in fused 

'1' u . t' lly t f '1' 20 -th t t' SJ. J.ca. s1.ng essen J.a wa er- ree SJ. J.ca, e concen ra J.on of 

chemically dissolved. hydrogen (as OH units) was determined after various 

treatments in hydrogen gas using ir spectroscopy as described in the 

Experimental Method Section. Unfortunately, experiments were carried out 

at only two temperatures. At 800°C under 1 atm of hydrogen gas, a solu-

bility of 0.0018 weight percent OH was obtained. At 1050°C, the hydroxyl 

content wa3 0.00165 weight percent. Although only two temperatures were 

studied, extensive observations of the pressure dependencies of solu-

bility. were made at each temperature. The results, shown in Fig. 8, 
• 1/2 

closely follow a p dependency for the solubility indicating dis-

sociative or chemical solubility of the hydrogen. 

( 
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Attempts were made to reproduce the result of Bell, but all were 

unsuccessful. No chemical hydrogen solubility was observed in the 

Amersil fused uilica used in this study. Attempts were made using both 

ir spectroscopy and the Seiverts' technique. It was concluded that any 
.... 
chemical soluhility of hydrogen in the Amersil.material could not be 

more than & few percent of the ·values found by Bell in. I.R. Vitreosil. 
I 

The anamalous results of Lee and the contrasting results of Bell 

and this study indicate that the chemical solubility, of hydrogen in 

fused silica is highly sensitive to the history of the glass specimens. 

The most lil~ely hinderence to the chemical solution of hydrogen would 

seem to be the water dissolved as OH in the glass. Even the relatively 

dry Amersil used in this study probably contained an OH concentration 

due to water as great or even greater than the potential OH concentra-

tion which could have resulted from hydrogen solution. Consequently, 

the Bell data· obtained in a material unusually free of water-produced 

hydro:xyls can be considered the inost meaningful indication of chemically 

dissolved hydro.gen in fused silica, and it provides the best opportunity 

for testing the chemical solubility equation. 

All of the variables in Eq. ( 4), except one, are fixed for the 

siven system. 
-24 

The mass, m, of a hydrogen molecule is 3.35 x 10 g. 

The values of 8 (= 87.5°K), 8 . (= 6350°K), and e: 1 (= -D = -7.63 x r v~ e e 
12 21 10 ergs/:..nolecule) were all obtained from the JPNAF Table data for 

molecular hydrogen. The site density, N , was again 2.22 x 10
22 

sites 
- s . 

The value of e (= 5330°K) corresponds to the observed ir . v . -

absorption peak for hydrogen-produced hydro:xyls in fused silica at a 

wavelength of 2. 7 1.1· This leaves only E( 0), the binding energy of the . . ·, 
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dissociated hydrogen atom to the silica structure, unspecified. A value 

of -63 kcal/moJ.e for E(O) gave general agreement with the solubility 

values found by Bell over the temperature range of 800 to 1050°C. (See 

Fig. 9~) This value is indicative of a relatively strong che~ical bond p 

and contrasts with the values of a few kilocalories found for physical 

solubility which ~ere indicative of relatively weak van der.Waals 

bonding. At this poirit, it is difficult to determine the significance 

of the conflicting sloJ?eS of the data and the plot. Bell's data shows a 

slight 'dec~ease of solubility with temperature while the plot rises 

slightly with temperature. Additional solubility data could provide 

definite determination of the experimental temperature dependence of 

solubility. The disagreement could be the result of the idealized 

assumptions used in deriving the equation. In particular, 1050°C is well 

into the transition range of fused silica so that the assumption of a 

rigid· stricture implicit in the model is less valid. However, Fig. 9 is. 

qualitatively satisfactory since.it gives general agreement in the 

magnitude of solubility over the temperature range using an E(O) value 
' 

indicative of chemical bonding of the dissociated hydrogen atom to the 

silica structure. 

.SUMMARY 

The svlubility of gases ~n silica glass below its transition range, 

i.e., where it is a rigid solid, has been examined. The statistical 

thermodynamics of the system provided a basic model of the solubility. 

The solubili~;y equations gave the solubility (in atoms or molecules per 

cubic centimeter of glass) as a function of gas pressure, tempe~ature, 

f'uride.mental constants, and material parameters. Three main categories 
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.:>f' solubility were considered: (a) physical solubility of monatomic 

gases, (b) physical solubility of polyatomic gases, and (c) chemical 

solubility of polyatomic gases. The results for (a) and (b) were essen

tially equivalent. The results for. (c) depend upon the specific system 

involved. 

The.model was compared with experimental results for a variety of 

systems. 'l'he physical solubility of the monatomic gases was observed 

for helium and neon in fused silica and was measured by a modified· 

Seivert's 1 technique. Variations in the thermal history of the fused 

silica did not have a measurable effect on physical solubility as 

P.videnced in the helium data. The physical scilubili ty of polyatomic 
0 

gases wa.s observed for hydrogen in fused silica, again using the Sei verts 1 

technique" Physical solubility was characterized by a linear dependence 

on pressure. Binding energies for the physically dissolved species were 

of the order expected for van der Waals bonding. Vibrational fre-

, 12 13 
quencies· of the dissolved species ranged from 4.38 x 10 to 1.22 x 10 · 

-1 . . 
Eiec with the heavier species having the lower frequencies, as expected . 

. Experiments of this study using both Seiverts 1 method and ir spectroscopy 

could not observe chem:i.cal solubility of hydrogen in the Amersil speci-

mens. 1/2 However, literature data on I. R. Vitreosil displayed the p 

P,~J?~pg~nc~ ~I).qicative of cll.emic:a.l solubility. Comparison of the data 

with the mod-:1 gave a binding energy of about 63 kilocalories per mol~ 

indicative of a relatively strong chemical bond between the dissolved 

hydrogen atom and the silica structure. It appears that chemical solu-

bility ot' nydrogen in fused silica is highly sensitive to specimen 

history, esyecially the water-produced hydroxyl concentration. 
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'!able I .. Emission Spectrographic Analysis of 
Fused Silica Specimensa 

Reported as oxides of the elements indicated • 

0.12 mm thick 1 mm dia. rod 6 mm dia~ rod 
disk (thermal (solubility (solubility 

his:tory·specimen) ·specimen) specimen) 

Principal constituent in each sample 

0.002% 0.003% 0.015% 

<0.001 0.005 <0.001 

0.001 

<0.001 <0.001 <0.001 

aAmersil CFt;t Rod, Standard Quality (T.,..08); Amersil, Inc., San Francisco, 
Californi~ •. 
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Table 1T: · 'Solubility Data for HeliUm ·in ·Fused Silica 

T(°K) Solu.bili ty (atoms lee •atni) T(°K) Solubility (atoms/cc•atm) .. 
- -·-

.:3?5 4.59 X 1017 (c,a} 476 2.99 X 1017 (c ,a) 

~26 4.65"; / II (A,a) 482 2.98 " (A,a) 

327 4.78 II . (c ,a) Ji86 2.68 II (B,a) 

352 4.39 II (A,a) 523 2.53 " (C,a) 

375 3~97 ti (A,_a) 523 2.69 
.II 

( C, a) · 

376 4.25' II (C,a) 528 2.79 II (A, a) 

379 4.08 " (C,a) 529 3.03 " (A, b) 

381 4.22 " (B,a) 529 2.80 " (A,b) 

.401 3.57 " (A,a) 624 2.56 II (A, b) 

424 3.56 " (C,a) 624 2.46 " (A, b) 

428 3.80 •. " (A;'a)' 716 2.20 " · (A,b) 

431 3. 34·' " (C,a) 721 2.20 " (A, b) 

450 3.25 " (A,a) 8~1 2.01 t1 (A, b) 

1176 . 2:~85 tl ·. (C,a) 813 1.94 " (A,b) 

A - T = 1100°C "dry" F . ' 
-" 

B ~ T = 1100°C 
. F . . ·' 

"wet11 

c l"" T = 1260°-C, F ... "dr¥'' 

a- l mm dia. rods· 

b - 6 mm dia. rods 
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Table III. l3o.iubilltiy\' Data for Neon in Fused Silica 
.• 

So1ubi li ty (atoms/ cc. atm) 

670 

716 

762 

764 

808 

815 

856 

859 

902 

904 

955 

955 

1040 

1050 

1.91 

2.03 

1.82 

1.69 

1.54 

1.52 

1.53 

' 1.36 

1.48 

1.35 

1.41 

1.21 

1.42 

II 

II 

II 

" 

" 
n 

" 
" 
n 

n 

" 

" 

" 

a - 1 rom dia. rods (TF = 1100°C, "dry") 

b - 6 mm dia. iodS (TF = 1100°C, 11 dry") 
.. , 

. ' 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a)· 

(a) 

(a) 

(a) 

(a) 

(a) 

(b) 

(b)'. 
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T(~) Solubility (molecules/cc.atm)a 

582 4.35 X 1017 

583 4.84 II 

631 3.67 II 

631 3.68 II 

675 3.50 II 

680 3.33 II 

720 3.21 " 
121 3.28 II 

765 2.80 " 
766 2.90 .II 

0 

a 
specimens - 1 mm dia. with TF = 1100°C, "dry" All 

. .;A ' 

·, .· 



n , .. l' ,,, ~::.J .; ' 
l./ 

LB!r401 

',; -;.~~~-:."·· - : .:~ ·. 

Table V.~> Summary of Jilass and Vibrational Frequency 
Relationships for Physically Dissolved Gases 

Gas species Mass 
Vibrational 

frequency (v) 

•••••••• 0 •••••••••••••••••• •.· •••••••••••••••••••••• 

3.35 X 10~24g 1.22 X 1013 -1 
l.O sec 

He 6.64 X 10-24 
6.90 X 1012 l. 41 

Ne 3.35 X 10-23 4.36 X 1012 3.16 

l.O 

l. 77 

2.19. 
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FIGURE CAPTIONS 

Fig. 1. Summary of thermal history experiments for fused silica .(after 

ref. 8). 

Fig. 2. Experimental cell pressure versus time for a typical Sei verts' 

type solubility experiment. 

Fig. 3. Helium-fused silica data with plot of the physical solubility 

model equat"ion. 

Fig. 4. Sol'.lbility versus pressure for helium in fused silica at 209°C. 

Fig. 5. Neon-fused silica data with plot of the physical solubility 

model equation. 

Fig. 6. Solubility versus pressure for physically dissolved hydrogen. 
\ 

Fig. 7. Hydrogen-fused silica data with plot of the physical solubility 

mc•del equation. 

Fig. 8. Solubility versus (pressure)
1

/
2 

for chemically dissolved 

hydrogen in fused silica at 800 and 1050°C (after ref. 11). · 

Fig. 9. Hydrogen-fused silica data with plot of the chemical solubility 

model equation. 

' 
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r------------------LEGALNOTICE---------------------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for· the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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