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Lattice density functional theory investigation of pore shape effects.
[I. Adsorption in collections of noninterconnected pores
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A fully explicit three-dimensional lattice density functional theory is used to investigate adsorption behavior
in collections of noninterconnected pores. The study focuses on the effects of external surfaces and the shape
of individual pores on the adsorption and desorption isotherms. Pore shapes far more varied than the tradi-
tionally considered cylinders and slitlike pores allow a better assessment of the general role of pore geometry.
Pore shapes that exhibit acute angles display significantly different adsorption and desorption branches. For
most pores the presence of an exterior surface greatly reduces the extent of the hysteresis loop through
meniscus formation. However, for sufficiently large pores a thick film present on the exterior surface can
interfere with meniscus formation and lead to desorption controlled by the thick film. A comparison was made
with recent experiments on well-characterized systems of noninterconnected pores. The calculations do not
agree with the experimental adsorptions if the models are based on the pore types suggested by the experi-
mental work. Improved agreement can be obtained by considering small bottlenecks along the length of the
pores length. To establish the presence of such a feature would probably require more detailed experimental

characterization.
DOI: 10.1103/PhysReVvE.66.041603 PACS nunier68.43—h, 64.70.Fx, 02.50.Ng
[. INTRODUCTION tial rather than a square well as these interactions were only

evaluated once per isotherm; we used a cutoff @ffér this

This paper completes a study begun in our first papempotential, wherer is the lattice site separation. Because this
hereafter referred to as Part |, of the adsorption behavior of a single occupancy model, all fluids are approximated by
pore shapes different from those that are usually studied, i.espherical molecules which in the case of nitrogen means
slit or cylindrical [1]. Part | investigated the behavior of in- ~0.4—0.5 nm. We determined the wall-fluid interaction for
dividual pores as the size and shape was varied. This worthis system at the point where complete wetting occurs on a
was motivated by recent experimental work, as discussed iplanar wall and found it to be,,/e;=0.38. The value re-
Part I1[2—4], and by the fact that independent pore models ofquired to qualitatively reproduce the adsorption behavior at
the cylinders produce an adsorption isotherm which does ndow pressures was,, /€;=1.31. We chose to study square,
agree with the experimental data. In this work we study poresylindrical, triangular, and rectangular pores, some of which
distributions of various pore shapes which were described asan only be approximated on a simple cubic lattice. For the
individual pores in Part | and which are in the size rangecase of the square pores, the walls could be smooth or sur-
relevant to the experimental measurements. In particular, wiace roughness could be introduced by having 50% of the
investigate whether departures from ideal geometries can exext surface layer randomly filled with wall sites. We made

plain the experimental data. cylindrical pores on the simple cubic lattice by choosing a
center point and removing all complete lattice sites that were
Il. MODEL AND METHOD OF SOLUTION located inside a specified radius. 90° isosceles triangular

pores were made by filling in half of a square pore along the
A three-dimensional single occupancy lattice densitydiagonal.

functional model was used to investigate adsorption behavior
in various pore shapes. The model allows for a mean field
square-well-type attraction for neighboring sites on a lattice.
For this study a simple cubic lattice was used. The details of Because the theory we are using is fully explicit for three
the model are reported in Part |. For reasons of computadimensions and can be solved relatively quickly, it is feasible
tional efficiency, we chose to use a model where the fluidio directly model a collection of pores. Figure 1 has iso-
fluid interaction was present only for the nearest neighboringurvature plots of densities greater than 0.2 for two different
lattice sites. The simulations were run afTAT, of 0.583  conditions, as viewed straight down the axis of a collection
which is similar to the value of the experimental work of square and cylindrical pores. For the moment, consider
(0.609. The strength of the wall-fluid interaction was then Fig. 1(b) which is at a higher temperature and a stronger
tuned so that the adsorption behavior at low pressures wasall-fluid interaction. The smallest pores have capillary con-
qualitatively similar to the experimental behavior. We expectdensed and the intermediate sized pores have formed thicker
only limited quantitative agreement at this time since we ardayers than the largest pores. A film forms on the exterior
using only a nearest neighbor interaction and a coarse latticeurface but gets thinner near pore openings, as indicated by
The wall-fluid interaction was a Lennard-Jones 12-6 potenthe variation in the gray-scale color around each pore. Some

Ill. RESULTS
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FIG. 1. Picturesa(T=0.875) and b(T=1.23) are three-

dimensional(3D) isodensity curvature plots, with contours drawn 500 F

for densities greater than 0.2, for a collection square and cylindrical g

pores. The view is straight down the pore axis. The dimensions are¢ a
in units of . [:Ys\s). /ENYRRUEL DSNRRRRTI FNTRRRUNI IRRRRRETEA FRRRUNRRTL INURUANETL FORRRVART
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of the pores that are closer together have a joint band aroun.. sat

t_hem..The V\.’a”S separatlng the _pore_s Were. at least three lat- FIG. 3. Adsorption in the center slicE€, versus saturation
t'ﬁe Sltels thl%k’. SO the. fluid WhICh. IS resmﬁted tﬁ at]mUChP/Psat for the explicit collection of poregsolid line) and the ad-
shorter lengt lrlteractlpn cannot interact through the por%orption computed from individual poréthick dashed ling[C,
walls. The wall interaction has a cutoff ofv6and some of ,

_ "+z > >
the walls around pores are not this thick, which causes & (972)J; "Jap(s,2)dsdz, see text

nonuniform film thickness in the pores which can be seen o, it5ce reach higher densities than some of the smaller sec-
close examination. At the lower temperature and wallions hence the variation. Many of the pores do not form
strength shown in picture Fig. 1, these nonuniformities in thecomplete films but rather only reach a density greater than
film thickness are not as apparent as at the higher temperg-> at their most energetic sitése., comers Figure 2b) is

ture and wall strength. This is due to the fact that at the lowey; 5 higher saturation than Fig(al and has more pores that
temperature and wall strength the attractive contribution,a.e capillary condensed. The menisci that form are right
from wall sites further from the surface is smaller, and since;pove the pores and because they are smaller do not form

all the surfaces have no missing wall sites closer in, thgands around groups of pores. In FigbR all of the pores
variation in film thickness is reduced. In Fig. 2, isocurvatureexcept the largest one have capillary condensed.

plots at a saturation lower than and higher than the saturation e adsorption-desorption curves for this distribution can
of Fig. 1 are shown at the lower temperature of 0.875. Figuresq pe calculated from the single pore results or from the
1(a) can be slightly confusing at first as only the fluid at 4051 collection of pores shown in Figs. 1 and 2. There are
densities greater than 0.2 are shown, and at this sat'uratlc%{gj\,an,[ages and disadvantages to using each method to com-
some sections of the exterior surface do not reach this dense the total adsorption of a group of pores. The collection
sity. It is then d|ff|_cult to distinguish the_pores f_rom these pores simulated as a unit allows one to probe the possi-
empty surface regions, although comparisons with the othegjjiry of pores influencing the adsorption in each other. How-
images resolve this confusion. The largest sections of thgyer 1o have the correct ratio of various pore sizes present in

a collection of pores might require a very large number of
pores, which would require a lengthy simulation. Also, the

| L]
@) ] results for one collection of pores are not easily applied to
8 —»\J 00 {50 other cases. Single pores have an advantage in this respect in
o © ] that once the results are calculated they can be used for many
(©) ® 0 O o) § different collections of pores. The weakness of the single

pore approach is that it is only useful for modeling pores that
do not interact with each other. When this is true, it is always

25

N

5

@@ ©00o -

(o) 0o © o 1 advantageous to use single pore results because of their flex-
) 3 @ jo ibility. Thifgsorb?d m?terial measured in ?ach por€ js
R T R E— =(alz)J,, '[ap(S,2)dsdz where the area is the cross
(a) (b)

section of the pore ard is halfway down the pore Iengtl§.
FIG. 2. Picturesa andb are 3D isodensity curvature plots, with 1S @ 2d vector.z is one layer thick for pores without rough-
contours drawn for densities greater than 0.2, for a collection squar@ess and five layers for rough pores. In FigC3versus the
and cylindrical pores at a temperature of 0.875. The view is straighsaturationP/P,; is plotted for a collection of pores simu-
down the pore axisa is at a lower saturation that of Fig(th andd  lated together and for a distribution of single pores. The re-
is at a higher saturation. The dimensions are in units-.of sults calculated from both methods are indistinguishable.
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FIG. 4. Adsorption in the center slidg, (see Fig. 3 caption FIG. 5. Adsorption in the center slicg, (see Fig. 3 caption

versus saturatioP/Pg,; for Gaussian distributions of square pores versus saturatio®/Pg,; for Gaussian distributions of square pores
centered at 18 and having standard deviations of 2, 4, and 6. Inset:centered at 26 and having standard deviations of 2, 4, and 12.
the figure shows the Gaussian distributions with those standard dénset: the figure shows the Gaussian distributions with those stan-
viations. dard deviations.

This demonstrates that in this model the pores separated byisicontrolled by the exterior surfa¢see Part)l This effect is
sufficient wall thickness behave as a collection of individualnot pronounced as both curves are so steep. In Fig. 6 the
pores. As the experimental system is known to be a set distributions for various pore shapes are shown for a Gauss-
noninteracting porel3], we will compute the adsorption iso- ian distribution centered at 20and having a standard devia-
therms for all later collections of pores from the individual tion of 40. The adsorption behavior at low values of the
pore results. saturation varies greatly with pore shape, but this is to be

In order to compare the calculated results to the adsorpexpected as distributions were chosen to match the capillary
tion isotherms measured experimentally we will considercondensation loops. The hysteresis loops do show good
collections of individual pores. Let us first consider a fewagreement with each other, except for the triangular pore
examples of pore distributions to understand the general bavhich shows a larger deviation as its shape is a larger depar-
havior of these pores. For these examples, pore distributiontsire from a cylindrical pore.
were generated for ideal cylindrical pores. The weighting
probability for a given pore in one of the example distribu-
tions was the same as that of the cylindrical pore with the 300
same area. In Fig. 4 distributions of square pores were cal
culated for Gaussian distributions of cylindrical pores cen-
tered around 18 and with standard deviations o2 4o, 240
and 60. The distribution centered at &2and a standard
deviation of Zr is also shown. Because we can only create

L - : 180

pores of certain sizes on the lattice, the hysteresis loops foo>
these smaller pores exhibits a distinct stepping. The adsorp
tion curve in the hysteresis loop is steeper at the top of the 4,
loop and the desorption curve has a slope similar to that of
the adsorption branch. At the bottom of the loop a narrowing
of the loop is seen. Similar results have been seen before fo 60
ideal geometry pores, and it is considered the typical hyster-
esis loop expected for collections of independent pores. In
Fig. 5 pore distributions are shown centered at 28imilar T T v E e
behavior is seen overall although the curves are much steepe P/P
at the end of the hysteresis loop at higher values of the satu-
ration. This is expected as these larger pores contain a much fiG. 6. Adsorption in the center slicg, (see Fig. 3 caption
larger fraction of the system volume. The curve for the stanversus saturatio®/P,,, for Gaussian distributions of smooth and
dard deviation of 1@ does have a desorption curve which is rough square poreghick dotted and solid linds triangular pores
slightly steeper than the adsorption curve. This is because thehin solid ling), and cylindrical poresthin solid line centered at
largest pores empty at the same saturation as their desorpti@do and having a standard deviation of 4.

centered 20c
S=4 triangle/

smooth square

2%,
\

sat
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600

X most significant feature of all the simulation results is that
the location where the pore distributions fill and empty is
significantly different from the experimental results. The
overall size of the hysteresis loop also differs greatly be-
tween the simulation results and the experimental result. The
slopes of the adsorption and desorption branches in the simu-
lation results are very similar while they differ greatly in the
experimental results. The shape of the adsorption curve of
the triangular pores better reproduces the curvature changes
seen in the experimental results than any of the other pore
shapes. The experimental and simulated desorption branches
share a common shape which is very steep. However, not
much weight can be placed on this as the steepness of the
simulation results is due to the large size of the pores as
discussed previously. The cause of the sharp desorption
branch and its location for the experimental results cannot be

5,_,Plrob.l,_.,

400

200

0 I ] | l T T I I L L Lt L L | I Lot Lt L L | | I L L L Ll readily explained'
0 0.2 04 0.6 0.8 1 There are several possible remedies that must be consid-
P/Psat ered before concluding that the simulations are not capable

of reproducing the experimental results. The main issues are
FIG. 7. Adsorption in the center slicg, (see Fig. 3 caption  the chosen simulation temperature, the units that the experi-

versus saturatioP/ P, for experimental distributions of smooth mental results are published in, the possibility of a stable film
and rough square porgdotted-dashed and thick solid linesrian-  on the exterior surface, the shape of the simulation pores, the
gular pores(thin solid ling), and cylindrical poresthin solid ling.  details of the wall potential, and the details of the fluid-fluid
Experimental adsorption(open circles and desorption(filled interaction.
circles rgsul_ts are showf8]. Inset: shows pore distribution and the Temperature Since the principle of corresponding states
polynomial fit. is applicable for this system, it is most proper to compare

simulation and experimental systems basedTém.. The

In the inset of Fig. 7 we show the pore distribution assimulation results were calculated at a slightly lowWei

measured experimentally. Adsorption and desorption curvethan the experiments, so the simulation temperature could be
for the various pore shapes were calculated using this pori@creased which may shift the filling of all the pores. The
distribution. In Fig. 7 we shovC, versus the saturation for problem that is not addressed by increasing the temperature
distributions of the various pore shapes. The experimentds that the size of the hysteresis loop decreases as the tem-
results are also shown. Tlyeaxis of the experimental results perature increases, which would further increase the discrep-
has been rescaled so that both simulation and experimentahcy in when the pores empty. In Fig. 8, the adsorptign
results give the same value &, when all the pores have versus the saturation is shown for a square pore at the simu-
condensed. The cylindrical, smooth square, and roughenddtion T/T.=0.583, the experimentdl/T.=0.609, and for
square pores exhibit behavior very similar to each other foif/T,=0.3333, 0.5, and 0.9. The result at the saf&. as
the pore filling and emptying. The adsorption branch beginghe experiment showed no significant shifts in the location of
to steepen as the region in the hysteresis loop is entered. Ate pore condensation. This all leads to the conclusion that
the high saturation end of the hysteresis loop a large distindhe simulation temperature is not introducing any significant
jump is seen as the largest pores fill. Pore condensation oerfrors in the results, and this cannot account for the differ-
curs at a lower saturation for the triangular pore. The distincences between the experimental results and simulations. The
jump at the high saturation end of the hysteresis loop is notliscrepancy in the adsorption before the pore condensation is
as large as that seen for the other pore shapes because moa large and this can be accounted for by the model used. A
filling occurs at lower saturations. The main difference be-feature of the triangular pore distribution discussed later is
tween the triangular pores and other shapes is the presencetbét its adsorption branch agrees better with the experimental
acute angle corners which form wedges along the poreesults at intermediate saturations than any of the other pore
length. As the saturation increases, these acute wedges fill Bhapes.

a manner different from the right or obtuse angle wedges Experimental R,. The experimental results are reported
found in the other pore shapes. relative to the saturation pressure or the pressure at equilib-
Let us now assess how well the simulations reproduce theum for the two phaseg3]. Since in the paper they do not
experimental results. At low saturations the shape and behawention how they determined this value there is a slight
ior of the experimental results is matched well by all the porechance they made an error in determining it. A possible error
shapes except for the smooth square pores. All of the poris taking the pressure at which the filling of the system oc-

shapes have surface variation and/or roughness on a shatirs as the saturation pressivéhich depends on the meta-
length scale except for the smooth square pore. This type aftability of the system rather than the pressure at equilib-
variation on a short length scale accounts for the adsorptiorium). If the simulation pressure at the limit of metastability
behavior of the experimental results at low saturations. Thef a vapor above the surface, which occurs at a saturation of

041603-4



LATTICE DENSITY FUNCTIONAL ... . 1l.... PHYSICAL REVIEW E 66, 041603 (2002

100 |- == ;
- | ="
- Logr 1y
- o g
2 Py
8 - P
: i
: : I 11 111
60 |- T
: il
> F )
O ¢ 1
40 _ FIG. 9. Schematic of three general pore types. Type I, ink bottle,
i Type I, straight with both ends open; and Type lll, straight with
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H are able to conclude that although we had not sampled all
possible pore shapes, we had sampled prototypical examples
0||||||||||||||||||||||||||||||||||||||||||||||||| Ofa"theS|gn|f|cantways|nwh|chapore'sshapemayde—
0 02 0'4P /P 0.6 0.8 1 part from cylindrical. We have done one arbitrary shaped
sat pore with the results reported in Part I, which has a qualita-

tive behavior very similar to the triangular pores. The other
significant variation we investigated was higher aspect ratio
rectangular pore shapes. From Part | we know that consider-
ing such pores can shift the pore filling to lower saturation.
Our conclusion from the simulations done so far and a cur-
sory look at the TEM pictures are that too few of the pores
1.13, is used as the reference pressure rather than the cotmave higher aspect ratios and these aspect ratios are still too
puted equilibrium saturation pressure, the reported saturamall to induce a significant shifting in the saturation at
tions for pore filling and emptying will be shifted to lower which pore filling occurs. It is possible to match the experi-
saturations. In fact, the pore filling now occurs at roughly themental system more closely but this requires determining the
correct saturation. However, the pore emptying is still at toccorrect distribution of aspect ratio, and pores sizes from a
high a saturation compared to the experimental resultdengthy investigation of the the experimental TEM pictures,
While we do not believe it likely that the experimental re- followed by simulation of these pore shapes.
sults have any error in the reported units, it was useful to see Variations along the pore lengtfThe question we pose is
if this type of error could account for the discrepancies seerould simulated pores with variations along their pore length
between the simulation and the experimental results. better reproduce the actual experimental results? The results
Film on exterior surface The simulated pores of this obtained for the triangular pores show that the presence of
work and the experimental pores have pore ends openingcute angled corners can account for the overall shape of the
onto an exterior surface. It is conceivable that a thick filmadsorption isotherm, even though the shift of the pore con-
could form on this exterior surface that would remain meta-densation to lower saturations and the size of the hysteresis
stable as the saturation is lowered. If this film was suffi-loop and steepness of the desorption branch remain unac-
ciently thick, it could prevent the formation of menisci over counted for by the simulations. We must consider variations
the pore openings. This would prevent the pores from empthat would not contradict the experimentally gathered infor-
tying until the thick film on the exterior surface itself became mation. The experimental work has evidence that supports
unstable. If the film was stable to a low enough saturationthe conclusion that the pores do not vary in diameter for
such as the saturation reported in the experimental results faignificant periods down the pore axis, type Il in Fig. 9. The
the emptying of the pores, it would produce a simulationevidence for this conclusion was obtained from TEM pic-
desorption curve that agrees with the experimental resultsures taken from various points. These always compute the
This would have no effect on the adsorption behavior of thesame pore distribution. In addition, the total volume com-
pores and so could not account for those discrepancies. Hovyputed from these pore distributions agrees very well with the
ever, this was considered in Part I, where it was determinetbtal adsorption. However, it is conceivable that constrictions
that for this model a thick film that would prevent the for- exist in the pores that locally reduce the pore diameter but
mation of menisci on the exterior surface only exists until aonly for an extremely short distance of the total pore length.
saturation of 0.9i.e., well above where the emptying occurs The chances that such constrictions could be detected in the
in the experiment TEM are negligible and the total volume of the system
Pore shapeSo far in this paper we have only consideredwould be unaffected, so the performed checks are not ca-
a few shapes beyond that of a cylindrical pore, and none gbable of assessing the presence of such constrictions.
these shapes exactly match the experimental pore shapes.This introduces the possibility of the experimental pores
However, in Part | we did consider several additional shapebaving a different configuration than Type Il. The presence
and several variations of the shapes. From those results, v just two such constrictions in every pore close to each

FIG. 8. Adsorption in the center slidg, (see Fig. 3 caption
versus saturatioR/Pg,; for a smooth square b0pore at al/T of
0.3333(thick solid line), 0.50 (thin dash-dotted ling 0.583 (thin
solid line), 0.609(thick dashed ling and 0.90(thick solid ling.
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FIG. 10. Adsorption in the center sli&®, (see Fig. 3 caption FIG. 11. Adsorption in the center slic®, (see Fig. 3 caption

versus saturatiofP/Pg,, for experimental distributions of smooth versus saturatioR/ P, for experimental distributions of triangular
square poresgthick dotted-dashed lineand square ink-bottle pores pores (thick dotted-dashed ling short-ranged fluid in triangular
(thin solid ling. Experimental adsorptiofopen circlesand desorp-  ink-bottle poregthin solid line, and longer ranged fluid in triangu-
tion (filled circles results are show[s3]. lar ink-bottle pores(thick solid line. Experimental adsorption
(open circles and desorptiorfilled circles results are showfs].

opening would have an enormous impact on the adsorption-
desorption isotherms. The pores would now be ink-bottlestrength(keeping it strong enough to always cause complete
pores, type | in Fig. 9. Ink-bottle pores may have a muchwetting and plotted the adsorption versus the saturation for a
larger hysteresis loop, depending on the neck diameter. THew cases. The pore condensation is not affected at all while
desorption of the simulation pore happens at a similar satuthe adsorption behavior at lower saturations is strongly af-
ration to the experiment for square pores if a constrictiorfected by the wall strength for large pore sizes. For smaller
diameter of 1012 is used. The adsorption curves of ink- pore sizes, the condensation shows some dependence on the
bottle pores are also shifted to lower saturations than th@all strength. However, the overall pore filling observed for
corresponding straight porésee Figs. 10 and 11The use the distributions is controlled by the larger pore sizes so this
of ink-bottle pores would improve the agreement with the
experimental results in creating the correct size of the hys-
teresis loop and shape of the desorption branch and bring th 1200
adsorption branch into slightly better agreement. Another
point of note is that the experimental group reported that the
adsorption-desorption curves of pores with two pore open- 1000
ings and only one pore opening, types Il and Ill of Fig. 9,
were nearly identica[2]. If their system is truly straight 800
pores, this result is very difficult to interpret because the
adsorption curves of types Il and Il simulation pores do not O>
fill or empty at the same saturation. However, if the pores ~ 600
contain constrictions as described, this result makes perfec
sense since the small constrictions control the emptying ol
the pores whether one end is closed off or not. If a type |
pore of Fig. 9 had the bottom blocked off, then the small
constriction at the top would control the emptying. In Part I, 200
we have already shown that the adsorption behavior of type:
| and III pores is identical. LT
Wall potential The strength of the wall potential was cho- 0 0.2 0.4 0.6 0.8 1
sen to allow the adsorption at low saturations to agree with P/P
the experimental results. From Henry’s law, it follows that
the strength of the wall potential does not have any influence FIG. 12. Adsorption in the center sli€®, (see Fig. 3 caption
on the pore condensation after the the wall is strong enouglersus saturatio®/ P, for two triangular ink-bottle pores at three
to cause complete wetting. In Fig. 12 we have varied the wallall strengths.

400 e =16

sat
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dependence of the smaller pore sizes does not have a signif 600
cant impact.

Fluid-fluid interactions A final consideration for the pore
results is the details of the fluid-fluid interaction. This study
used an interaction limited to the nearest neighbor which we
believe captures the significant features of the fluid-fluid in-
teraction. This can be checked by comparing results for this
model with one where the interaction range is increased in ¢
realistic manner. For the triangular ink-bottle pores, resultso>
with interactions out to the third nearest neighbor were com-
puted. A mapping of the general behavior of the Lennard-
Jones potential was used with the minimum of the potential 200
set at the nearest neighbor distarmceThis potential model
has more interacting sites and hence a different critical tem-
perature,kT.=2.53392, compared to the nearest neighbor
model kT.=1.5). To properly compare between the two
models the same ratio @i/ T, is used. In Fig. 11 the adsorp- S T T T
tion C, versus the saturation for an ink-bottle triangular pore % 0.2 0.4 0.6 0.8 i
is shown plotted for the two different models. The significant P/P
differences are that the layering transitions showing hyster-
esis for the nearest neighbor only model become completely FIG. 13. Adsorption in the center sli€®, (see Fig. 3 caption
reversible for the model with interactions out to the third versus saturatiof®/P,, for a Gaussian distribution of triangular
nearest neighbor. The other feature is that the pore condeperes centered at 9.25 nm. Experimental adsorpiimen circles
sation is shifted to slightly lower saturations than is seen foland desorptiortfilled circles results are showfs].
the nearest neighbor only model. The use of a more detailed

potential will improve the agreement in shape of the adsorp-

fion at saturations before nore condensation. Surorisinaly. th arture is seen from this behavior as the pore exterior surface
p yaensation. Surprisingly, Eegins to affect the pore desorption. Adsorption isotherms
use of such a model also has a minor effect on the location

the pore condensation. The result of the ink-bottle triangula\rNere then calculated for a pore distribution obtained from

pores with or without interactions out to greater distances hagccurate experimental data. Distributions calculated for

improved the qualitative agreement with the experimentafStralght pores, as implied by the gxperlment rgsults, did not
results greatly over that seen for straight pores. capture all of the features seen in the experimental work.

In Fig. 13 a Gaussian distribution centered at 9.25 nm ofconsideration of nonideal pore shapes does account for the
the triangular ink-bottle pores is shown. This result has arPverall shape of the adsorption curve although the value of
adsorption branch which fills at roughly the same point aghe saturation at pore condensation does not agree. The de-
the experimental results. The behavior of the curve at lowepOrPtion branch and size of the hysteresis loop cannot be
saturations is not as good as it is for the larger distributiof€Produced using the simulation model for straight pores.
but this could be adjusted by varying the wall-fluid interac-Many possible means of altering tr_le _S|mulat|on res_ults were
tion strength. This result has the distribution centered closefonsidered. Most of these were eliminated as having no ef-

to the real result than the value reported for a distribution of€ct on the simulation results or not being applicable. Ex-
cylinders[3]. tending the range of the fluid-fluid interaction improved the

shape of the adsorption curve at low saturations and shifted
the pore condensation by a very small amount. The one al-
ternative considered which had a large effect was introducing

In this paper we have presented calculations describingonstrictions in the system which occupy a small fraction of
the adsorption isotherms of distributions of pores with vari-the total pore length; such constrictions do not contradict any
ous shapes. It has been shown that for Gaussian distribution$ the experimental data. The simulation results of the ink-
the behavior of the various pore shapes is largely similar. Théottle pores agree much better with the experimental results.
adsorption and desorption branches generally have similarhe strange behavior of the experimental data for pores with
slopes. The location of the filling and emptying has a minorone end or both ends open is also accounted for if it is as-
dependence on the pore shape. The largest deviations corsgmed that such constrictions are present. Further checks of
about with the introduction of acute angled corners in thethe experimental system are required to eliminate the possi-
pores which influence the slopes of the adsorption and debility that such defect constrictions account for the behavior
sorption branches compared to the other pore shapes. Tibefore other possibilities are considered. The ability of this
results for the Gaussian distributions agree with previousnodel to quickly calculate the adsorption isotherms for col-
simulation work. However, for pore size distributions cen-lections of pores will be useful in future studies of explicit
tered at larger sizes or with large standard deviations, a daxetworks of pores.
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