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Physical Adsorption of Gases on Pyrex Glass

Evidence for Superactivity
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Pyrex glass has been shown to be capable of developing during use a superactivity for
the physical adsorption of the gases Xe, Kr, Ny, and O, at —195°C. This superactivity
has been analyzed by applying the BET equation to the adsorption isotherms of krypton
and xenon and has been shown to be comparable to the activity of some metal films in
physical adsorption. The possible reason for and the significance of this superactivity in
both adsorption measurements and the determination of the cross-sectional areas of
adsorbed molecules are discussed briefly.

The surface coverage of oxygen on Pyrex glass at 10~3 mm pressure and —195°C was
about 109, of the xenon monolayer; this is in good agreement with Hobson’s nitrogen
data. The superactive glass was about 15 times more active under the same conditions.

INTRODUCTION

The use of the physical adsorption of
krypton and xenon for determining the sur-
face area of metal films has been discussed
recently in detail (—5). In this connection
the assignment of values to ox. and ox,, the
cross-sectional areas of adsorbed krypton
and xenon molecules, is important and the
usual procedure has been to assume the
generally accepted value of 19.5 A? for ox:
and to determine ox. by comparing the
number of molecules in the monolayer, V.,
for a given surface with the two gases. The
surfaces used have ranged from evaporated
metal films to glass (6). Field-emission data
(7, 8) suggest that cross-sectional areas esti-
mated in this way have little significance
since it is the topographical nature of the
surface which determines the adsorption and
S0 one might expect an equal number of
molecules of xenon and krypton to be ad-
sorbed (7). At higher pressures than used in
field-emission work close-packing of the
molecules might however be expected. By
applying the Singleton-Halsey equation to
the adsorption of krypton on iron films (12)

1t was shown that the interaction energy only
became comparable with multilayer values
at 6 values greater than 0.8. This suggested
that much stronger adsorption forces existed
at small krypton coverages than near the
monolayer. Recent data (1, 4) obtained from
studies of the adsorption of both krypton
and xenon on metal films appear to support
the concept of topographic specificity.
During the course of using physical ad-
sorption measurements over a period of years
we have known isolated cases where blank
measurements with nitrogen and krypton
with a Pyrex reaction vessel maintained at
—195°C indicated extensive adsorption. At
a nitrogen pressure of about 10~* mm (rela-
tive pressure ~10~7) adsorption corre-
sponded to multilayers on the glass surface
if it was assumed to have a roughness factor
of unity. Replacing the reaction vessel by
another of identical dimensions resulted in
the more usual negligible uptake of nitrogen.
More recently in a study of the interaction
of oxygen with nickel films at —195°, an
unexpectedly large fraction of the gas ap-
peared to be physically adsorbed at an
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oxygen pressure of about 1072 mm and this
stimulated us to investigate the effect in
detail.

This article therefore describes a study of
the activity of glass for the adsorption of
senon and krypton at —195°C and also of
the more chemically active gas oxygen,
which would be less likely to be physically
adsorbed at the low pressures (~10—2 mm)
and temperature used in our adsorption ex-
periments. The participation of glass in
extensive physical adsorption could con-
ceivably result in appreciable error in the
monolayer values of metal films which have
areas close to the geometric area of the glass
envelope. This point does not appear to have
been considered in detail, probably on the
grounds that it is very unlikely that the
free energy of adsorption, AG, of krypton or
xenon on glass will approach that with a
metal film so that the coverage on the glass
under the conditions where a monolayer has
formed on the film will be negligible. If the
AG values are comparable then some caution
would have to be exercised in the interpreta-
tion of physical adsorption data on metal
films.

EXPERIMENTAL

The high-vacuum apparatus was of con-
ventional design, manipulation of gases was
by means of mercury cutoffs, and the
spherical Pyrex reaction vessel was protected
from mercury vapor by a trap maintained at
—195°. The reaction vessel, trap, and con-
necting glass tubing were baked at ~400°C
before studying adsorption and pressures
<<10~% mm could be attained. The total area
of glass maintained at —195°, assuming 3
roughness factor of unity, was about 300
em? Pure gases were supplied in sealed
ampoules by B.0O.C. Ltd. The volumes of
krypton, xenon, and oxygen adsorbed are
calculated from blank measurements with
hydrogen, it being assumed that the latter
is not adsorbed on the cold glass surfaces.
The value of the saturation pressure, P, of
xenon at the temperature of liquid nitrogen
was between 2 and 3 X 10~% mm, the value
for krypton at the same temperature was
assumed to be 2 mm. All pressures have been
corrected for thermomolecular flow (9). The
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adsorption isotherms could be reproduced
to an accuracy of ~59,.

REsurrs AND DiscussioN

In Fig. 1(a) are plotted adsorption iso-
therms of krypton and xenon obtained with
a Pyrex glass reaction vessel which we have
designated ““active glass.” There is extensive
uptake of xenon at pressures of about 10~°
mm at —195° and the isotherm obeys the
BET relationship [Eq. (1)), rcally the
Langmuir equation in this pressure range, up
to a P/P, value

P 1
V(P,—P) ~ V.C

of 0.2 [Fig. 1(b)]. The symbols used in this
equation have their usual significance. The
values of the parameters C and V, cal-
culated from the xenon BET plot are 370 and
13.5 X 107% cc (STP), respectively. With
krypton there is extensive adsorption at
10~ mm and the BET equation is obeyed
up to a P/P, value of 0.01. Values of 1260
and 19.8 X 1072 cc (STP) were calculated
for C and V,, respectively, from the krypton
BET plot. The C values are therefore within
the range observed with metal films (see
ref. 3).

The “active glass” was shown to adsorb
oxygen extensively at —195°C (Fig. 2), and
at an oxygen pressure of 1072 mm about
14 X 1072 cc (STP) were adsorbed. Thus if
we assume for the moment that adsorbed
oxygen and xenon occupy the same area
then about a monolayer of oxygen is appar-
ently formed at a P/P, value of about 10—
This behavior of oxygen is analogous to data
obtained some years ago (10) when 15 X
1072 ce (STP) of nitrogen were adsorbed at
a pressure of ~10~* mm on a glass reaction
vessel maintained at —195°. In this latter
case the number of nitrogen molecules ad-
sorbed at a P/Pgvalue of ~10~7 corresponded
to about four times that required to form a
monolayer on the glass if it had a roughness
factor of unity.

When the reaction vessel designated “ac-
tive glass” was replaced by an unused Pyrex
one of identical dimensions, and then de-
gassed, the adsorption isotherms of krypton

C—1P
V.,.C Fﬂ (1)
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F1a. 1. (a) Adsorption of krypton (@) and xenon (W) on “active glass” at —195°C as a function of the
relative pressure P/Py. BET plots for krypton (@) and xenon (W) adsorption on “active glass.”

and xenon were as shown in Fig. 3(a). Ad-
sorption was much less extensive over the
whole range of P/P, studied, but the differ-
ence between this ‘‘inactive glass” and
“active glass™ is particularly marked at low
P/P,y values. From the appropriate BET
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Fi1a. 2. Adsorption of oxygen on “active glass’
(O) and “inactive glass’” (A) at —195°C.

plots [Fig. 3(b)] the values calculated for C
and V,, are 52.5 and 4.65 X 102 cc (xenon)
and 114 and 10.7 X 1072 cc (krypton). There
is therefore a drastic reduction in the mono-
layer values, and the C values which are
related to AG the free energy of adsorption
decrease by factors of 7 and 10 with xenon
and krypton, respectively.

Adsorption of oxygen by this “inactive
glass” was also much smaller than with the
“active glass” (Fig. 2). For example, at a
pressure of 1072 mm about 3.5 X 107% cc
(8TP) of oxygen were adsorbed, which com-
pares with ~14 X 1072 c¢c (STP) on the
active glass. This change in activity for
oxygen adsorption is paralleled by a com-
parable change in the xenon monolayer
(13.5 X 1073 ¢cc to 4.65 X 1072 ce).

A significant feature of our data is there-
fore the very high sorption capacity of the
“active glass.”” At a P/P, value of 0.004
about 759, of the xenon required to form a
monolayer (V.) has been adsorbed, this
compares with a P/P, value of 0.005 for
complete coverage with xenon on tungsten
films (I, 4). Similarly, with krypton the
respective P/P, values are 0.0025 (glass)
and about 0.005 (tungsten film, 1, 4). We
have evidence that much of the activity of
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F16. 3. (a) Adsorption of xenon (W) and krypton (@) on “inactive glass” at —195°C as a function of the
relative pressure P/P,. (b) BET plots for krypton (@) and xenon (W) adsorption on “inactive glass.”

the “active glass” is due to repeated heating
during glass-blowing. By removing about
10 em? of glass in the region where extensive
glass-blowing had been carried out, and
which had become slightly opaque in ap-
pearance, the extent of the adsorption of
both krypton and xenon decreased by a
factor of 2. The glass removed represents
only about 39, of the total geometric area
but causes a 509, decrease in the adsorption
activity at —195°. The enhanced activity is
therefore probably due to devitrification of
the glass during repeated heating and cooling
with the formation of a highly porous mo-
lecular-sieve-like structure. This could result
in cations such as Na* present in glass being
able to participate extensively in the binding
of the inert gas molecules and therefore en-
hance the polarization of the adsorbed
molecules. The entropy of adsorption would
also be likely to be very different with this
channel-like structure than with the initially
planar surface. The much larger C values
with the “active glass” can therefore be
reconciled with the different nature of the
gas—sorbent interaction which can effect an
increase in both the partition funection and
heat of adsorption of the molecules.

With the “active glass’” the adsorption
isotherms of both xenon and krypton had

sharp “knee” bends and the V, values are
probably realistic. The adsorption of krypton
on the ‘“‘inactive glass” had a rather diffuse
“knee” and we believe that the V,, value
in this case is unreliable. This may be partly
the result of hydrogen being adsorbed itself
on the glass and therefore not giving a true
blank at high pressures (~10~2 mm) which
would lead to serious errors for sorbents with
small surface areas. This error would of
course not arise in the case of the adsorp-
tion of xenon. The xenon monolayer (V,,)
for the ‘‘nactive glass” corresponds to
4.65 X 107% cc (STP) which, if we assume
that the glass has a roughness factor of unity
(300 cm?), gives a surface concentration of
4 X 10" molecules em—2 This value is close
to 6.4 X 10¥ em—2 which is the nitrogen
monolayer estimated by Hobson (11) for
Pyrex glass known to have a roughness fac-
tor less than 1.4. At a nitrogen pressure of
10—3 mm and —195.6°C the surface coverage
is only about 159, but Hobson made use of
the Dubinin-Radushkevich relationship [Eq.
(2)] to estimate the monolayer value V',

log V = log V'w — D(log P/Po)?  (2)

where V is the number of molecules adsorbed
per cm?and D = AT? where A is a constant
and T the temperature. Our data for oxygen
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adsorption on ‘“‘inactive glass” (Fig. 2) is
therefore comparable with Hobson’s nitrogen
data since ~4 X 10~* cc (STP) of oxygen
are adsorbed at 103 mm and —195° (Fig. 2)
which is about 109 of the xenon monolayer.

The cross-sectional area of adsorbed xenon
caleulated from our “inactive glass” data is
~24 A? and this compares favorably with
27 A? obtained by Cannon (6) who used a
similar procedure. But in view of the variable
nature of the sorptive capacity of glass ob-
served in the present work this is clearly an
unreliable method for determining cross-
sectional areas of adsorbed molecules. The
data obtained with the ‘“active glass gives
a ox./ox: ratio of 1.46 which if ok, is 19.5 Az
gives a value of 28.5 A2 for ox.. Although the
value is consistent with previous results ob-
tained with metal films and other sorbents
(24 + 4 A? covers all the values) this method
of determining cross-sectional areas can be
questioned. In this connection it is signifi-
cant to note that the krypton and xenon
isotherms plotted as a function of P/Py are
not superimposable with either the active
or Inactive glass. This contrasts with the
behavior of metal films (/) and may reflect
the rather undefined erystallographic nature
of glass surfaces. It is therefore unlikely that
one will be able to define regions of “lattice-
packed’” and ‘“‘close-packed’’ monolayers (4)
on these surfaces although both low- and
high-energy adsorption sites obviously exist,
as reflected in the partial reversibility of ad-
sorbed xenon at —195°,

Our data therefore indicate that Pyrex
glass which had initially a roughness factor
close to unity can develop a superactivity
for gas adsorption; for the physical adsorp-
tion of krypton and xenon the activity is as
high as that of some metal films. This super-
activity would be undetected unless frequent
blank measurements were made and could
result in an overestimate of the extent of
adsorption which for metal films of small
area (up to five times the geometric area of
the glass envelope in the present study)
would be serious. Any estimate of surface
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coverage of a chemisorbed gas, based on the
ratio Vgas/ Va, would consequently be smaller
than the correct value. The general shape of
an adsorption isotherm, supposedly on a
metal film, could also be distorted since the
“active glass” can participate in extensive
adsorption at very low P/P; values (0.001).
This would be reflected as a step in the
adsorption isotherm obtained with a metal
film of low adsorption activity, i.e., where
appreciable adsorption on the film only oc-
curred at say a P/Py value of 0.01 or 0.1.
The occurrence of steps in isotherms is usu-
ally interpreted as evidence for a phase
change of the adsorbed molecules but such
an interpretation would be fallacious in this
particular case. There is also no reason why
this superactivity per se could not develop
under other experimental conditions and
therefore be a factor in gas-phase decomposi-
tion or other reactions studied with glass
surfaces.
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