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Characterization of porous glass by adsorption of dibromomethane in conjunction
with small-angle x-ray scattering
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Two porous glass samples of the Vycor type, one in a monolithic form and the other as a fine powder,
were examined by the method of small-angle x-ray scattering (SAXS). Adsorption isotherms of dibro-
momethane (CH28r2) were measured on the same samples, and analyzed according to the Kelvin equa-
tion. The SAXS measurements were repeated on samples that had been brought to equilibrium with
known relative pressures (p/po) of CH28r2, which has a similar electron density as Vycor. Analysis of
the data, in terms of fractal geometry, was also accomplished. The fractal dimension for the dry samples
was estimated to be 2.5+0.1. Furthermore, as the adsorbate loading was increased defractalization was
observed. Subsequently, the fractality in Vycor was estimated to have an upper cutoff limit equal to 15
0
A. A correlation between the two methods was demonstrated, by reconstructing the adsorption iso-
therm from the SAXS data, in two ways: first, by plotting the scattering intensities against p/po and
second by plotting the Porod slopes against p/po.

I. INTRODUCTION

The wide application of porous solids in separation and
catalysis technology requires, in many cases, a thorough
determination of their pore structure. To this end, gas
adsorption and mercury porosimetry techniques, used on
a routine basis, should be supplemented by some other in-
dependent methods' such as radiation scattering, Quid
Qow, calorimetric determinations, etc. In this respect,
the main objective of the present study was to interface
two of these experimental methods, adsorption and
small-angle x-ray scattering (SAXS), and to extract useful
information concerning both the involved physical pro-
cesses and the structural characteristics of the solid under
investigation.

According to SAXS theory, the intensity I(g) scat-
tered by a two-phase system is related to the electron
densities p, and p2 of the phases in terms of the expres-
sion

I(Q) ~ (pi —p2)

Apparently, when p& =p2, the scattering intensity wi11 be
zero and contrast matching will be reached.

On the other hand, according to adsorption theory,
capillary condensation takes place when a class of pores
fulfills the conditions required by the Kelvin equation

2yV
ln(p/po)=-

R Trk

where y and VL are, respectively, the surface tension and
molar volume of the liquid condensate, p/po is the rela-
tive pressure, and rk is the radius of the equivalent hemi-
spherical meniscus (Kelvin radius). The condensed class

of pores will cease to act as a scatterer, and only the
remaining empty pores will produce a measurable intensi-
ty. In this way, an interface of the two methods can be
achieved by selecting an adsorbate with electron density
similar to that of the solid matrix. Then, by determining
a number of scattering curves at various p/po, corre-
sponding to both the adsorption and desorption
branches, a correlation of the two methods could be pos-
sible. If the predictions of the Kelvin equation are in ac-
cordance with x-ray analysis, a reconstruction of the ad-
sorption isotherm will be obtained from the SAXS data.

Vycor 7930 porous glass was chosen as the solid ma-
trix for the following two reasons. First, the material is
characterized by practical homogeneity (i.e., the solid
part is 96%%uo SiOz, the rest being 3% 8203 and 0.4%%uo

NazO), and thus it may be considered as a two-phase sys-
tem (silica and pores). Second, it possesses a mesopore
structure, ensuring the presence of the capillary conden-
sation mechanism as adsorption progresses.

During Vycorization, borosilicate glasses undergo a
phase separation. Three mechanisms have been advanced
to explain this process: namely, mass fractals, spinodal
decomposition, and nucleation and growth. The result-
ing two phases are topologically continuous, and the
most soluble boron-oxide-rich phase may be leached out;
a pore structure is obtained. In general, the adsorption
isotherms of Vycor' are of type IV, after Brunouer-
Deming-Deming-Teller (B.D.D.T.) classification, with a
hysteresis loop.

Wiltzius et aI. " studied Vycor 7930 porous glass by
using small-angle neutron scattering (SANS). They sug-
gested that the long-wavelength behavior of the measured
structure factor is in good agreement with Cahn's pre-
diction for a spinodal decomposition. The peak which
corresponds to this process is found to be located at
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Q=0.023 A ' (where Q is the scattering vector). In the
same work, they also stated that it is dificult to make
judgments as to whether or not Vycor has a fractal' sur-
face.

Benham et al. ' studied Vycor by using SANS and, in
some cases, in conjunction with ~ater adsorption. They
concluded that the power-law exponent differs markedly
between a dry and a water-saturated sample. For a dry
sample, ' "a surface fractal dimension D was calculat-
ed' equal to =2.5, whereas at various relative humidi-
ties Porod slopes in the range of —4.2 to —4.5 were es-
timated. Moreover, they reported' ' ' that when Vycor is
partially saturated a feature appeared in the very-low-Q
region having a fractal-like power law equal to = 1.75.

Even et al. examined Vycor by electronic energy
transfer (EET). They arrived at a fractal dimension
D = 1.74, which corresponds to a three-dimensional clus-
ter backbone. For the same material, they suggested a
fractal dimension D=2.6 for a three-dimensional per-
colation cluster. A fractal pore structure was also sug-
gested by Dozier et al. ' They also reported that the
pore size distribution for Vycor has a sharp maximum at
30 A, with most of the features falling between 20 and 55
A radius.

Schaefer et aI. ' criticized the idea that Vycor
possesses a fractal surface. Their work, based on SAXS
and SANS measurements, supported a smooth surface
(D =2). Even et al. ' replied to these criticisms, claim-
ing that the SANS data of Schaefer et al. are not enough
and that the SAXS data may be erroneous if good care is
not taken in order to eliminate moisture. Hohr et al. 's

studied Vycor by SAXS and SANS too. They interpreted
the characteristic peak to be due to interconnected clus-
ters with an average diameter of 350 A and a surface
fractal dimension of D =2.4.

Levitz et aI. ' probed the microstructure of Vycor by
electron microscopy, direct energy transfer, sma11-angle
scattering, and molecular adsorption. They concluded
that the pore interface exhibits a roughness, which has an
upper cutoff of less than 20 A. Additionally, they report-
ed a persistence length of the interface of 45 A.

Recently, Hua et al. demonstrated the use of the

contrast matching method with SAXS. In some cases,
they also reported a decrease in the Porod slope, less than—4, as the vapor loading increases.

II. EXPERIMENTAL DETAILS

Two samples of Vycor 7930 were used in the present
study. One was in a powder form (mean particle size
=325 mesh), and the other was cut from a rod of diame-
ter =6 mm and ground to =0.8 mm. The samples were
cleaned by immersion in 30% hydrogen peroxide and ex-
posed to oxygen at 350'C for 24 h.

The adsorption isotherms were obtained gravimetrical-
ly and dibromomethane (CH28rz), which has a similar
electron density as Vycor, was used as an adsorbate. The
gravimetric arrangement ' consisted of an electronic
beam microbalance and a pressure sensor. When the iso-
thermal temperature was established (17.2'C), an oil bath
with a thermostat ensured an error of not more than
+0.1 C.

The small-angle scattering experiments were carried
out in a Q range of 0.005& Q &0.15 A '. The x rays
were produced using a copper-anode x-ray tube, and the
most intense of the characteristic lines was selected as the
experimental wavelength (A, = 1.54 A). Monochromati-
zation and collimation of the beam were also held. The
main feature of the apparatus was a two-dimensional x-
ray imaging system (XIS) connected on line with a min-
icomputer frame.

In order to achieve SAXS in conjunction with adsorp-
tion, a special cell, shown in Fig. 1, was designed. The
cell is made from stainless steel and consists of two parts.
When parts A and B are attached, there is a path
difference of the required thickness (=0.8 mm). The
four apertures, two for each part, are about 0.5 cm in di-
ameter, but the exterior of part B is larger with a conic
shape in order to eliminate any parasitic scattering. The
cell windows are covered with Mylar sheets. Part A has
an internal Bow system connected to a temperature-
controlled bath; when the isothermal temperature is es-
tablished, a continuous How ensures an error of not more
than +0.2'C.
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FIG. 1. Schematic represen-
tation of the sample cell. Part A
has an internal flow system
which allows temperature con-
trol. When part A is attached to
part B, a path difference equal to
=0.8 mm is formed.
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III. RESULTS AND DISCUSSIGN

A. Adsorption and SAXS

Figure 2(a} shows the Vycor/CH2Br2 isotherm. The
Our vitsh volume was estimated to be =0.2 cm /g
(liquid volume), and the surface area was found to be
=80 m /g. Unfortunately, a well-established cross-
sectional area was not found in the literature for
CH28r2, and the value used, 26 A, was calculated from
its density.

The Kelvin pore size distribution (fit for cylinders)
determined from the adsorption branch shows a broad al-
location with a maximum at about 50 A, while that deter-
mined from the desorption branch shows a sharp max-
imum at about 40 A. Such a broad distribution, after ap-
plication of the Kelvin equation to the adsorption branch

of the isotherm, is also reported in the literature, al-
though sharp peaks due to desorption are more common.

In general, for an isotropic scatterer the spherically
averaged intensity I(Q) may be represented by the in-
tegral

I(Q)=4' VJ r y(r) dr,
0 Qr

(3)

where V is the volume of the sample, p is the electron
density, y ( r) is the correlation function at point r, and Q
is the scattering vector Q =4m sin8/A, , where 28 is the
scattering angle and A, is the wavelength. Again, at high

Q values, if the inequality Ql )&1 holds (where l is the
smallest dimension afFecting the scattering), the scatter-
ing intensity I(Q) may be approximated by the Porod
formula

2

I(Q) = (4)

200 where A is the surface area. Thus, on a logarithmic scale
(Porod plots}, the scattering intensity will decay following
a power law. However, deviations greater than a —4
slope were observed and they may be explained in terms
of a fractal dimensionality according to the Bale-
Schmidt' formula

0

0-5

4.6-

where D is the surface fractal' dimension. From this
slope, the roughness of an internal surface boundary may
be extracted. When the slope is equal to —4, a smooth
surface is exhibited, and D =2; i.e., it is Euclidean.
When 2 (D (3, a fractal surface is defined.

Figure 3 illustrates the scattering curves of both Vycor
samples, powder and monolithic particle, at p/p0=0,
and Fig. 4 illustrates the scattering curves of Vycor (par-
ticle) at various p/po. The dry (unloaded) samples, Fig.
3, have a main peak at Q&

——0.025 A '. Another minor,
second hump appears at Q2=0.06 A ', and after that
the scattering intensity decays following a noninteger

Eh 40-

3~3
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FIG. 2. Various adsorption type and isothermal profiles for
Vycor. Solid symbols denote adsorption and unfilled desorp-
tion. In all cases, the abscissa represents relative pressures
p/po, while the ordinate represents diferent functional parame-
ters as described next. (a) The adsorption isotherm of dibro-
momethane on Vycor; the amount adsorbed, V, is in liquid
volume. (b) A reconstruction of the adsorption isotherm from
the scattering intensity values I(Q~ ) according to Eq. (6). (c) A
reconstruction of the adsorption isotherm from the Porod
slopes —s (i.e., in positive terms).

Ln Q (1jk)

FIG. 3. Porod plots for two. dry Vycor samples. The upper
curve corresponds to a powder form and the lower to a mono-
lithic particle. In the case of powder, the innermost part (low

Q) shows a rise of the intensity. The oval areas Q& and Qz indi-

cate, respectively, where the main peak and hump are located.
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FIG. 4. Porod plots for Vycor
samples loaded with dibro-
momethane at various relative
pressures p/po. (a) Adsorption
at p/po (from top to bottom): 0,
0.34, 0.51, 0.72, 0.76, 0.80, 0.90,
and 0.95. (b) Desorption at p/po
(from top to bottom): 0, 0.31,
0.35, 0.51, 0.62, 0.67, and 1 (sa-
turated).
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power law greater than —4. As the relative pressure in-
creases (loaded samples), Fig. 4, the scattering intensity
and power law decrease, whereas the peak shifts slightly
to the left (i.e., to lower Q).

The main peak may be attributed to a spinodal decom-
position process as other investigators"' have already
proposed. The second hump corresponds to =100 A,
which is about half the value of the main peak in terms of
Bragg spacing. The noninteger power law ()—4) indi-
cates scattering from a fractal surface. As the relative
pressure increases, the scattering intensity decreases, be-
cause a number of scatterers is eliminated (eventually due
to adsorption). The main peak shifts to the left, because
large pores influence the form of the spectrum; i.e., in a
range of pore sizes, the small pores condensed first, as
predicted by the Kelvin equation. The power law de-
creases, because defractalization takes place.

However, the nucleation and growth mechanism may
also explain the features of Vycor spectra. As an exam-
ple, we discuss the shift of the main peak to the left as
p /p 0 increases [Fig. 4(a)]. Assuming a hard-sphere
"liquid" model for Vycor, the peak may be attributed to
massive entities (of diameter =250 A). Qn adsorption,
the radius of these entities will increase by a thickness t
equal to that of the adsorbed film, and thus a displace-
ment of the peak to lower Q is expected to occur. A care-
ful examination of Fig. 4(a) could support such a con-
clusion. At early stages of the adsorption process, this
displacement is extremely small; at higher p/po, as the
film thickens, it becomes more evident. For instance, at
p/po-—0.76, t will be =15 A or the size of the massive
entities will be =280 A, implying that the peak will be lo-
cated around 0.022 A '. This is a reasonable case for
our results.

The innermost part (low Q) of the scattering curves,
Fig. 3, is different between the powder and particle; with
the rise of intensity, it was observed only in the former
case. Therefore, this rise was attributed to the scattering
from the interparticle voids and/or the grains of the
powdered material.

Near the saturation point (i.e., as p /po ~ 1 ), the

scattering intensity undergoes a considerable decrease.
In the case of the particle, the intensity takes on an al-
most zero value [bottom curve in Fig. 4(b)], whereas, in
the case of the powder, it is low but not zero. Some other
investigators have also reported a low, but not zero,
scattering intensity at this point. They suggested either
an incomplete contrast matching or an incomplete pore
filling during the allocated equilibration time. Our result
favors the latter explanation. If there is some scattering
intensity, near the saturation point, this will mainly be
caused by the unfilled interparticle voids of the powdered
material.

B. SAXS in conjunctioa with adsorption

In relation to adsorption theory, two mechanisms may
result in a decrease in the scattering intensity [Fig. 4(a)].
0)ne is the deposition of an adsorbed film on the surface
of the solid, and the other is the condensation in an entire
class of pores. Again, during adsorption, the drop in the
scattering intensity is expected to be small as a result of
the first mechanism and large as a result of the second
one. A convenient way to quantify these cases is to con-
sider the scattering intensity I(Q~ ) at the Q point where
the peak is located.

For a large interval of p/po, from 0 to 0.76, there is a
rather small and gradual drop of I(Q ), whence the
prime mechanism has to be the formation of a rnonolayer
and later of a multilayer film. However, at the early
stages of this region, some microporous filling' may also
occur as is discussed in the following section.

Next, within a very short interval ofp/po, from 0.76 to
0.8, there is a sharp drop of I (Q ). Clearly, a major class
of pores has ceased to act as scatterer. In this case, the
prime mechanism has to be that of capillary condensa-
tion. The Kelvin radii for the major class of pores are es-

0
timated to range between 40 and 55 A. This result is in
good agreement with the average pore size obtained from
adsorption data.

At p/pa=0. 9 the main peak is converted to a shoul-
der, while at the same time a significant drop in the
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scattering intensity is not detected. This conversion
probably reflects a flattening of the menisci caused by the
new equilibrium conditions (i.e., from p/po—-0.8 to 0.9).
After that, a second sharp drop of I(Q~ ), at p/po -—0.95,
occurs. Three different contributory factors may be
identified to be responsible for this drop: the completion
of the contrast matching, a further filling of the menisci,
and a last condensation within some large pores ( &100
A). At this point it is worth recalling that Amberg and
McIntosh, ' " in their pioneering work on adsorption
hysteresis, have also observed a turnover for the
Vycor/water adsorption isotherin for p!po &0.87. They
have concluded that some large pores or wide channels
must exist within the glass matrix.

During desorption, the scattering intensity increases as
the relative pressure decreases. From Fig. 4(b), it can be
seen that for the majority of pores evaporation takes
place according to the predictions of the Kelvin equation.
At p/po &0.67 some large pores empty first, and then,
between 0.67 and 0.62, a major class of smaller pores
(same sizes as in the adsorption process) follows. Howev-
er, it is also possible that network effects exist, in some
limited extent, within the solid matrix; i.e., smaller pores
control the entrances of some larger ones. Thus the
scattering curve at (p/po)d„=0.67 is in at a level lower
than that for (p/po), d,

——0.9.
Following the above description, a relation between

I(Q~ ) and p/po may be given as

I(Q&, 0) I(Q~,p—/po) =f (p/po) . (6)

Figure 2(b) demonstrates the reconstruction of the ad-
sorption isotherm from SAXS data, when the scattering
intensities I (Q ) were used to solve Eq. (6). A compar-
ison with the actual isotherm of Fig. 2(a) is now possible,
and the agreement is good if one takes into account the
experimental errors, the sample differences, and the fact
that many fewer points contribute to the reconstruction
than the real isotherm.

C. Porod slopes

Using Eq. (4) [or (5)], the slope values s, at various
p /po, were calculated. Table I summarizes these results,
only, for the case of powder. We chose to present the
slope values for powder because the residual error of the
recorded data points, especially at higher relative pres-
sures, was found to be much less than that for the parti-
cle. This is probably due to the lower transmission we
were able to achieve in the latter case. However, the par-
ticle also gives similar results, but the computation of s
becomes extremely uncertain for all p /'po & 0.8.

For the dry sample of Vycor, the slope was found equal
to —3.4, which according to the Bale-Schmidt formula
corresponds to a fractal dimension of 2.6. Similar results
have also been reported in previous studies. ' ' Howev-
er, as the relative pressure increases, the slope decreases
and in some cases it decreases even below —4. More-
over, if these slope values (in positive terms, i.e., —s) are
plotted against the corresponding relative pressures, a
curve possessing a general form strongly reminiscent of
the adsorption isotherm is obtained. Figure 2(c) demon-

TABLE I. Vycor 7930: Porod slopes at various relative pres-
sures.

Relative
pressure

0.00
0.34
0.56
0.72
0.76
0.81
0.95

Adsorption

Porod
slope

—3.4
—3.5
—3.5
—3.6
—4.1
—4.3
—4.6

0.69
0.60
0.55
0.53
0.31
0.00

Desorption
—4.5
—3.9
—3.8
—3.6
—3.5
—3.3

strates this correlation.
As was mentioned previously, at an early stage of the

adsorption process, the adsorption effect is expected to be
the dominant mechanism. Thus an adsorbed film will be
deposited on the surface of the solid, resulting in a smoth-
ering of some small geometrical details. Consequently,
the fractal dimension and slope will decrease. From
Table I it can be seen that between relative pressures 0
and 0.34 the slope from —3.4 decreases to —3.5 or the
surface fractal dimension from 2.6 diminishes to 2.5.
However, the fractal dimension is not equal to 2 at
p/po—-0.34. We also arrived at the same conclusion by
examining the other Vycor sample. Although, for the
particle, at p/po =0, the fractal dimension was estimated
to =2.3, i.e., lower than the powder, at p/po=0. 34 it
was estimated to =2.2, i.e., higher than 2. Both results
provide evidence that the fractality in Vycor may not be
exclusively related to microporosity as a11 pores less than
=30 A in width are expected to be filled at p/po &0.3.
Then it might be possible that the microstructure of
Vycor is a mixture of cavities and perturbing bumps, as
the following example demonstrates.

During the leaching process, a deposition of a soft
hydrogel layer on the pore walls may take place. Follow-
ing drying, this soft hydrogel layer may be converted to
an asymmetric xerogel layer that will include some cavi-
ties, some bridges, and some bumps. The bridges will be
formed through neighboring —OH groups. Bumps will
be formed as a result of the ordered accumulation of de-
creasing size silica clusters on the surface and also as part
of the general pattern evolving during the acidic dissolu-
tion. Cavities will be formed as a result of faster accumu-
lation and condensation of various silica clusters and,
possibly, as- a result of connections between smaller
bumps.

Next, between relative pressures 0.34 and 0.76, a fur-
ther decrease of the slope and consequently a further de-
crease of the fractal dimension occur. Finally, at
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p/po —-0.76 a Euclidean surface is obtained. In this
direction, Cheng et al. " have outlined a detailed
analysis concerning the small-angle x-ray scattering from
films adsorbed on fractal surfaces. They suggested that
for length scales greater than the thickness t of the film,
the film-vapor interface (although smoother than the sub-
strate) will possess a fractal character. On the other
hand, for length scales &(t, the interface can be seen to
be locally fiat. They concluded that for Qt ~0,
I(Q) CC Q, for Qt~~, I(Q) ~Q, and for Qt= 1

defractalization of the film takes place.
In relation to the Porod formula, two parameters may

change as the adsorption progresses: the surface area A
and the electron density p. When the 61m thickness is
small, the surface area A may be described "as power
law of t, A ~ t . In terms of physical adsorption, this
means that before defractalization takes place the prime
mechanism of the adsorption process is the adsorption
effect. However, as the film approaches its defractaliza-
tion, the inhuence of this effect will tend to diminish.
Clearly, there is a consistent relationship between t and—s (or —D), and in particular, as t increases, s (or D) de-
creases. Then, for this region, it is possible that a plot of—s vs p/po would follow a similar path along the adsorp-
tion isotherm ' or on a t curve.

In particular, our SAXS data show that defractaliza-
tion occurs at p/po-—0.76, which according to the ad-
sorption data& corresponds to a statistical 61m thickness
V„/Ao -—15 A [where V is the liquid volume of the ad-
sorbed amount at p/@0=x, i.e., at =0.76, and Ao is the
Brunauer-Emmett-Teller (B.E.T.) area]. This result is in
good agreement with the conclusions of Levitz et al. '

for an upper cutoff length scale, of the interface rough-
ness in Vycor, smaller than 20 A. However, adsorption
theory predicts such an upper cutoff limit, as it is expect-
ed to see the effect of the surface structure to largely
smooth out after the formation of about two to three
molecular layers (cross-sectional area of CHzBr2-—26 A ).
Unfortunately, the SAXS-Vycor system does not contrast
match with a smaller molecule (e.g. , water) and thus no
further conclusions can be derived on whether a fractal
surface would prolong the influence of the adsorption
efFect.

Beyond this region, the partial molar entropy of the
adsorbed film may be assumed as equal to that of the
liquid adsorbate. Then the prime mechanism will shift
from the adsorption to the Kelvin effect. According to
Everett and Haynes, during this transition the system
passes from a single solid/fiuid interfacial region, to one
in which a duplex-film description (involving two interfa-
cial regions solid/film and film/vapor) is more appropri-
ate. In terms of SAXS, such a complication may strongly
influence the electron density distribution. In fact, from
the results of Table I, it is obvious that there are negative
deviations from the Porod law (i.e., slopes less than —4).

Although Cheng et al. "have argued that above the
defractalization point the slope should assume a constant—4 value, this is not the case for our results. Similar ob-
servations have been reported by other investigators' '

too. However, Cheng et al. "have also stated that it is
dificult to determine what effect the difference between

where H(Q) is a smoothing function, the form of which
is dependent on the geometrical model for the interphase
gradient. Assuming, for the sake of argument, that the
smoothing function is Gaussian, then the corresponding
Porod law relation becomes

I(Q)=
Q4

where o. is the standard deviation of the Gaussian
smoothing function and is a measure of the transition lay-
er width. Taking a sequence of Gaussian functions with
different o. for a range of relative pressures, it can be
shown that the slope s has a consistent relation with o of
the type

(s+4) ~ —o (9)

During adsorption and above defractalization, the thick-
ness of the adsorbed 61m increases and, possibly, the sys-
tem passes through an unduloid configuration before con-
densation occurs. In this course of events, o. can be con-
sidered as a parameter consistent with the thickness t of
the adsorbed film, and thus a plot of —s vs p/po practi-
cally will have the shape of a t curve. As soon as capil-
lary condensation takes place within a large fraction of
pores (i.e. , at Ii/po )0.9), the system will reach an equi-
librium stage and no further change of o. (and hence no
further change of —s) can be observed. During evapora-
tion, the emptying process is driven by a meniscus
penetration within a given range of pores. In this case, a
lens configuration is more probable. Since the
con6guration of the interphase is different between ad-
sorption and desorption, the smoothing function H(Q),
and consequently o., will be different too. As a result,
hysteresis is observed in the —s vs p/Iio plot until the
effect of the diffuse surface becomes weak. After that,
the system follows a reverse course of events as described
previously.

IV. CONCLUSIONS

The use of two different methods (adsorption and
SAXS) was examined for the characterization of the
structure of the same material (Vycor 7930). The results
obtained from adsorption were compared with those ob-
tained from SAXS, and a reconstruction of the adsorp-
tion isotherm from SAXS data was demonstrated in two
ways: first, by plotting I(Q~) vs p/po and, second, by
plotting the Porod slopes —s vs p/po. A description for
these reconstructions was given in terms of adsorption
and Kelvin effects. Additionally, the correlated SAXS
and adsorption parameters were discussed.

the filrn and substrate will make. It appears possible that
the Kelvin effect is related to a diffuse surface. Ruland
first and Koberstein et a/. later examined the effect of
such a surface. They suggested that the density transi-
tion scattering intensity in the Porod region may be given
by

2

I (Q) = H'(Q),
4
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A detailed study of the scattering curves at various
p/po has led to the conclusion that within the Vycor
structure there are three kinds of pores: viz. , a major

0
class of pores (mean rk around 40—55 A), some micro-
pores (rk ( 15 A), and few large pores (rk ) 100 A). Thus
the material can be considered to exhibit an almost
monomodal pore size distribution. Network efFects have
also been detected, but their inhuence was not found to
be large.

A fractal dimension D equal to 2.5+0. 1 (averaged) for
the dry Vycor was estimated. Furthermore, as adsorp-
tion progressed, defractalization was observed. At the
crossover point, the thickness of the adsorbed film was es-
timated to be = 15 A, introducing a new upper cutoff lim-
it for the fractality of the solid.

Finally, a general description of the nature of the frac-

tal surface of Vycor was given. It was suggested that this
may not be exclusively based on the microporosity of
Vycor structure, but possibly results from a mixture of
cavities and perturbing bumps present on the surface of
the solid.

This work is extended to the study of well-defined
mesoporous alumina pellets, formed by uniaxial compac-
tion. At the same time, the adsorption and SANS
methods are supplemented by dynamic permeability tech-
niques.
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