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Lattice density functional theory investigation of pore shape effects.
I. Adsorption in single nonperiodic pores
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A fully explicit in three dimensions lattice density functional theory is used to investigate adsorption in
single nonperiodic pores. The effect of varying pore shape from the slits and cylinders that are normally
simulated was our primary interest. A secondary concern was the results for pores with very large diameters.
The shapes investigated were square pores with or without surface roughness, cylinders, right triangle pores,
and trapezoidal pores. It was found that pores with very similar shape factors gave similar results but that the
introduction of acute angled corners or very large side ratio lengths in rectangular pores gave results that were
significantly different. Further, a rectangular pore going towards the limit of infinite side ratio does not
approach the results of a slit pore. In all of these cases, the importance of features that are present for only a
small portion of the pore is demonstrated.
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[. INTRODUCTION or the individual pores need to be studied. The obvious ben-
efit of studying individual pores is that the adsorption for
The adsorption behavior of single pores has been studieghany distributions can be computed from the same set of
extensively via simulation. Capillary condensation andindividual pores. In this work we study the variation seen in
prewetting of surfaces has been studied, as well as the inflihe adsorption behavior of single pores with changes in pore
ence of including ends on the porfs—10. Most of this shape and size. In the following 6] paper, the results for
work has been done for a few ideal geometries, such as siore distributions based on these pores are discussed. It
and cylindrical pores. It is worthwhile to study the effect of Should be noted that density functional theory calculations
varying the pore shape, something which has not been adl® Not give a true hysteresis loop with a kinetic time-

dressed in the literature, to see if this variation from ideadePendent component but rather show the maximum stability

geometries results in a theoretical calculation that agrees bﬁg—f each phase. In other studies, it has been shown that the

ter with the experimental work. This work is in part moti- ysteresis loops generated by considering the thermody-

vated by a recent experimental system that was determine%amic metastability of the phases give results that are very
y P y Similar to the experimentally determined hysteresis loops.

to be straight noninterconnected pores with one or two open-
ings[11-13. There have been many studies of adsorption in
mesoporous to nanoporous materidld,15, and one issue

in these experimental systems is the presence of pore con- A three-dimensional single occupancy lattice density
nectivity of which the exact nature of is often not known. functional model was used to study the adsorption behavior
Many of these materials are prepared as powders and the the various pore shapes. The model allows for a mean field
effect of the orientation and packing of the individual pow- square-well-type attraction for nearest neighbor sites on a
der particles on the adsorption is also not known; this doetattice. For this study, a simple cubic lattice was used. The
not prevent one from modeling these substances, althougyrand potential functional o lattice sites and species is
these factors present additional complications. represented by the following expression:
The work of Coasnet al.[12] on mesopores in silicon is

one of the few examples where the pores were determined M
not to have interconnections, as the material was formed as a BQ[p]= EI
wafer rather than as a powder. These experimental results
provide an excellent way to evaluate the accuracy of theoret-
ical methods predicting adsorption in single pores, as this
group has been able to characterize the pore distribution and

Il. MODEL AND METHOD OF SOLUTION
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has some measure of the variation in pore shape. In their B N
system, the pore shapes do not correspond to any of the o> > ¢'§[‘i m)pi“pl”(i m) } (2.1
simple geometries used in previous simulation work, and the 2% ' '

pore sizes are much larger than those usually studied in ‘s _ _ o _
simulations. Using existing independent pore models of thavhere p; is the density of speciels at lattice sitei, S is
ideal geometries, the calculated adsorption isotherm does ndtk T whereT is the temperature arklis Boltzmann's con-
agree with the experimental data. In order to calculate resultstant,V¥ is the external potential acting on spedieat lattice
to compare with the experimental work, collections of poressitei, ,uik is the chemical potential of specikst lattice site
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i, andN is the number of interacting neighbors for the chosersorption curve before complete filling had occurred. During
lattice (which in the case of a simple cubic lattice is Bhe  the generation of an isotherm, it was only necessary to com-
attractive contribution was summed over only the interactingoute the wall-fluid interactions once as they do not depend
neighbors because these positions are the same for every sitg, changes in the chemical potential. This gives an added
which naturally leads to a very efficient and straightforwardsavings in computation cost.
algorithm. The actual lattice site that is neighlboof lattice We chose to use a model where the fluid-fluid interaction
sitei is required in order to get the density of that neighbor;was present only for the nearest neighboring lattice sites. The
the functionl (i,m), which is dependent on the lattice used, critical temperature for this model i&T.= —chd)flf/Z,
gives this value. Although we restricted the interaction towhere the critical densityp.=0.5, ¢f1f= —1.0 is the mean
only nearest neighbors, the functional has been written sgeld fluid-fluid attraction, and N is the number of sites that
that the interactions could extend to other distances and vayontributes! to the interaction energwhich in this case is
WLtrt] the dlstancg. Thls_|s done py using an interaction energyhe |attice coordination numbe), which results inkT,
bqci,m)» Of speciesk with speciesn which depend on the =1 5). The simulations were run aff4T, of 0.583 which is
distanced(i,m) between lattice siteand neighbom. In the  similar to the value of the experimental wo(@.609. The
algorithm, the value ofpgf; , is tabulated as there are only strength of the wall-fluid interaction was then tuned so that
a few relevant distances and this is more efficient than rethe adsorption behavior at low pressure values was qualita-
peatedly computing the function. Wall sites could have beenively similar to the experimental behavifit2]. Qualitative
treated as an individual species but it is more practical tagreement is sufficient to understand the trends that result
calculate the interaction of all the wall sites with each indi-from variations in pore shape. Also, since the nearest neigh-
vidual lattice site for each species and add thagy for  bor interaction is only qualitative, additional time was not
that lattice site. The wall-fluid interactions are then calcu-spent on improving the model's prediction of low pressure
lated only once during the solution of the grand potentialadsorption behavior.
functional. The wall-fluid interaction was modeled using a Lennard-
The partial derivatives with respect to the species densityones 12-6 potential rather than a square well, as these inter-
at each site can be determined from the grand potential fun@ctions were only evaluated once per isotherm. We used a
tional cutoff of 60 for this potential, wherer is the lattice site
separation. Because this is a single occupancy model all flu-
. " . . ids are approximated by spherical molecules, and in the case
=Inpf=In[ 1= p'| + BV}~ Bu| of nitrogen this impliesr~0.4—0.5 nm. For this system we
' determined the wall-fluid interaction at which complete wet-
N ting occurs on a planar wall and found it to bﬁ,f/gzsflf
+8Y, > e(k,?l m)P1(im) » =0.38, wheree is the interaction strength of the wall-fluid
mono Lennard-Jones potential antl' is the mean field attractive
interaction of the fluid with the fluid at a separation aof.1
The value required to qualitatively reproduce the adsorption
o _ o behavior at low pressures wag/ ¢\ =1.31.
At equmb_num,_ all of these_ partlal denvatlv_es e_qL!aI zero and A variety of shapes was investigated that sample the most
Eq. (2.1 is at its global minimum. In practice, it is possible gjgnificant ways pore shapes may depart from a cylindrical
to solve for a local minimum ra_thqthan the global MINIMUM ghape: square, cylindrical, which can only be approximated
of Eq. (2.1), depending on the initial density values assignedy, a simple cubic lattice, triangular, and rectangular pores
to all of the lattice sites. We interpret the local minima asyith various aspect ratios which are defined as the ratio of
metastable equilibrium points and use these to compute thge side length to the other. The square and triangular pores
adsorption and desorption branches to their maximum Stab'bermit an examination of the influence of sharply defined
ity for this functional. A Picard iteration scheme was used tozqgrners at right and acute angles. The triangular and rectan-
so!ve for the site dens_ities at. the_ spec_ified chemical pc_:tentiaémar pores allow one to explore the influence of having the
using the set of partial derivatives in Eq®.2). Density  oyerall shape depart from a cylindrical shape. Cylindrical
functional theory is advantageous in this regard because thg,res on the simple cubic lattice were constructed by choos-
appropriate free energy is easily computed from @) so ing a center point and removing all complete lattice sites that
that it is straightforward to determine which solution is the are |ocated inside a specified radius. 90° isosceles triangu-

true (globa) minimum from a selection of several minima. |5 pores were made by filling in half of a square pore along
generated from different initial conditions. the diagonal.

The adsorption isotherms were determined by starting at a
low or high value of the chemical potential with a uniform
low or high initial site density, and then incrementing the
chemical potential by a small amount,0.0XkT. After the
initial chemical potential, the density profile from the previ-  One consideration when studying these pores is whether
ous value of the chemical potential was used as the startintipe pores are periodically infinite or are exposed to the bulk
profile at the current value. Some other branches were gemphase at their ends. Marconi and van S\l have shown
erated by starting a desorption run from a point on the adthat the two cases result in very different desorption curves

IBQ[p]
dpf

k=1), i=1S. (2.2

IIl. RESULTS
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p/psat FIG. 2. Adsorption in the center sligg, (see Fig. 1 caption

versus saturatiop/pg,; for a square pore X9 on a side. At points
FIG. 1. Adsorption in the center slicg, (625 max. valugver- a,b,c,e,f 3D isodensity curvature plots are shown with contours
sus saturationp/pg,; for square pores with a side length of drawn for densities greater than 0.4. The right view is straight down
255 [C,,E(a/z,)fz,ﬂ'fap(é,z)d?,dz, see text Pores with ends the pore axis and the left view is of the pore mouth seen from about

are shown (18, 487, 687, 1187, and 21&) as well as the results  +° "~ Off the same axis.

for the periodic infinite pore. The three longest pores have identical

adsorption and desorption curvisick line). The adsorption of the  This is due to the fact that the stability of a state point is

periodic infinite pore is identical to the longer pore adsorption. Thedependent on the entire simulation volume, which varies

adsorption curves of the #9and 48 pores are identical to the jth the pore length. For the second shortest porerf4éhe

longer pore results except where noted. capillary condensation loop matches the results of the longer
pores, although some differences are still seen for the transi-

for the pore. Since we are interested in the more physicallyions at lower saturations. The adsorption curves are identical

realistic case, results were obtained for pores with ends urver the entire region for the longest pores ¢6818, and

less stated otherwise. This introduces a problem because Wd8). The results for a periodically infinite pore are also

are interested in pores where the ratio of the overall por&hown. This pore has adsorptioncurve which is identical

length to the pore diameter is very large {000) and little  to0 that obtained for the longer pore lengths with ends. The

of the length is associated with the openifgg]. Although desorptionbranch is significantly different from the results

feasible, actually modeling such pores would be very timgfor pores with end$6].

consuming. We instead tracked the adsorption of an interior We have established for sufficiently long pores that the

slice halfway through a pore that was sufficiently long. ~ @dsorption in the center of the pore length does not depend
In Fig. 1 we show the results for various pore lengths. Theon the pore length, and the adsorption in this center slice of

adsorbed material measured in each pore @&  the pore measures the total adsorption in pores with very
long lengths. In reality there is a slight dependence on pore

7' +z > > . .

E(‘T/Z')fz/ fap(s,2)dsdz wherea is the cross section of length as the adsorption behavior in the slice exponentially
the porez’ is thez coordinate for a position halfway through approaches a limiting value as the distance from the pore
the pore lengths is a 2d vector, andz is one layer thick for mouth increases. Based on these results, all pores studied in
pores without roughness and five layers thick for roughthis work used a pore length of 68and have a separation of
pores. The adsorbed material in the center slitg, is plot- 320 between the pore openings unless otherwise noted. In
ted versus the saturation, defined @9s,;.. The latter is order to have sufficient exterior surface area and to ensure
defined as the density of the bulk fluid at a specified chemithe pore studied was independent and not interacting with an
cal potential and temperature divided by the density of thémage of itself, the walls that formed the pore walls were at
bulk fluid at the chemical potential at which the gas andleast 1& thick. We have chosen in this paper to only report
liquid are in equilibrium and the same temperature. We hav&€,, curves that result from adsorption or desorption; it is
chosen to use the density saturation but it is equally valid tstraightforward to determine where the equilibrium transi-
use the pressure saturation for which the adsorp@gn,has  tions occur but we stress that these depend on the entire pore
the same behavidihe only difference is that transitions oc- including the exterior surface. These equilibrium transitions
cur at slightly higher pressure saturations than density satido show a small dependence on the pore length for all the
rationg. pore lengths we have considered.

For the shortest pore length, slight differences are seen for In Fig. 2C, is plotted versus the saturatignp,,; for the
location of transitions relative to the longer pore lengths.adsorption and desorption isotherms of a square pore with a
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FIG. 3. Adsorption in the center slicg, (see Fig. 1 caption p/psat

versus saturatiop/pg,, for an arbitrary pore with acute, right, and
obtuse angled corners where the largest side separationosis 20 X ; O
Pointsb,c,d, e, f 3D isodensity curvature plots are shown with con- YETSUS saturatiop/ps, for a series of square pores ranging in side
tours drawn for densities greater than 0.4. The right view is straighkength from % to 60o.

down theopore axis and the.Ieﬁ view is of the pore mouth seen l‘romWhole wall on a very short length scale whereas the wall
about 45 ° off the same axis.

potential from walls along a lattice direction only varies near

edges. The transitions around padrdire not the formation of
100 side length. Also shown in Fig. 2 are three-dimensionala complete thin film on all the pore walls but rather film
(3D) isodensity plots at certain points of the isotherm forformation at the acute angle corners. The film then forms
densities greater than 0.40. The walls are not drawn in theseversibly as the saturation approaches pbirt the tran-
views. The right-hand view is straight down the axis of thesitions around poinb individual walls go through thickness
pore, and the left-hand view is of the pore mouth viewedchanges. The transitions around poicitd, ande involve the
from about 45 ° off this axis. The points were taken from theformation of extra layers on the pore walls which again do
adsorption isotherm because a desorption isotherm startewt occur simultaneously for every wall. More material is
from these points would not retrace the adsorption isothernmadsorbed near the acute angle corners during these layering
The first jump around a saturation of 0.02, paintis asso-  transitions, an effect which can be seen by viewing pairts
ciated with a quasi-two-dimensional vapor-fluid transition, ase. The result of this adsorption behavior is that the variation
the temperature these systems were run at is below the tw@ the curvature of the pore film is reduced as the saturation
dimensional(2D) critical temperature. From the left-hand increases. Poirftshows a view of the pore at capillary con-
view, one can see that a 2D menisci formed on each wall adensation.
the pore mouth. At poinb, the curvature of these menisci In Fig. 4,C, is plotted against the saturatigiipg,; of the
changes. At a saturation around 0.4, pomta layering tran-  adsorption and desorption curves for square pores ranging in
sition occurs and the liquid film on the walls of the pore side length from & to 600. Fig. 4 demonstrates that a small
suddenly increases in thickness. Comparing the left views adbsolute change in the pore size will result in a large change
pointsc anda, one observes that the curvature of the film isin the adsorption and desorption curves for small pore sizes.
very similar and only the thickness of the films differs. At For large pore sizes, the adsorption and desorption curves
point d (not shown, a curvature change is observed from appear to differ only by incremental amounts for a small
pointc that is similar to that seen upon going from pairtbo ~ change in pore size. Asymptotic behavior is seen for these
point b. At point e, another layering transition is observed. pores(seen from the Kelvin equatigpnAll of the pores have
Finally at pointf, the entire pore capillary condenses. Fromadsorption curves which show capillary condensation below
the left view of pointf, one notes that a 3D meniscus hasthe bulk saturation density. We note that a periodic bulk sys-
now formed. There are more transitions after this p@ilata tem solved via density functional theory has an adsorption
not shown which are associated with layering on the exte-curve that does not jump to the liquid phase until a saturation
rior planar surface of the pores. During these transitions, thef 1.24, which is well beyond the equilibrium bulk saturation
3D meniscus over the pore reduces in curvature and disaplensity. The general behavior of the other pore shapes as size
pears when a thick enough film forms on the exterior surfaceincreases is similar to that seen for the square pores. The

In Fig. 3 we consider the case of a more arbitrarily shapegresence and precise location of layering transitions is, of

pore which contains acute, obtuse, and right angle cornersourse, different from transition in square pores.
The walls not oriented along a lattice direction necessarily The influence of pore surface roughness in the square
present a wall potential that varies near edges and over thmores was explored by randomly inserting sites on the sur-

FIG. 4. Adsorption in the center slicg, (see Fig. 1 caption
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FIG. 5. Adsorption in the center slicg, (see Fig. 1 caption p psat

versus saturatiop/pg,; for two smooth square pordshin lineg

and two square pores with surface roughrigsiek lines. FIG. 6. Adsorption in the center slicg, (see Fig. 1 caption

versus saturatiop/pg,; for a 2Qr square pordthick line), a 23r

face to give roughly 50% coverage. Figure 5 shows a COmglameter cylindrical poréthin line), a rectangular pore with a 1.5

: iC ion/ ; h and h aspect ratio and a b6short side(thin line), a rectangular pore with
parison ofC, versus saturatiop/ ps, for rough and smooth 5 3 aspect ratio and a @l1short side(thin line), and a right

pores.C, for the rough pores is the average of five cross-yjangular pore with a 27 short side(thick dotted ling. The inset

sectional slices in the center of the pore to sample the varigsas a comparison of the hysteresis loop for the triangle pore com-
tion in roughness, compared to a single slice for the squargared to three trapezoidal poré3ee Table ).

pores whose surface does not vary. The key finding from this

comparison is that the capillary condensation is largely uny g this seems to be sufficiently small that roughly the same

affected by the introduction of surface roughness while thgogits are seen for these pore shapes. The triangular pore

adsorption on the pore surfaces below the capillary condens,j rectangular pore with an aspect ratio of 3 display larger

sation hysteresis loop is strongly affected. The layering trangitterencegFig. 6). The triangular pore has a hysteresis loop
sitions occur at higher saturations in the rough pore than in

the smooth pore. This is because after the highly energetic
sites of the roughened wall surface fill that wall surface ef-
fectively acts as a heterogeneous smooth wall that has
lower average wall-fluid interaction than a smooth wall con-
sisting of wall sites only.

The best way to compare the results obtained for different
pore shapes is not intuitively obvious. Two methods are to
compare pores based on cross-sectional area or on circun
ference, which is the basis for comparison in BET calcula- >
tions. Thus, one can compare two pore shapes with the sam@ 200
area or the same circumference. In Fi@C §is plotted versus
the saturationp/ps,, for a square pore, two different rect-
angular pores, a triangular pore, and a cylindrical pore with
roughly the same cross-sectional area, while in Fig. 7, we 100
show the same square pore and the other shapes now wil
roughly the same circumference. Figure 6 also has an inset ¢
the triangular pore’s hysteresis loop compared with three dif-
ferent trapezoidal pores. Table | lists a quantitative measure T e e T Sy m——
of pore shapeC?/A, whereC is the pore circumference and p/p
A'is the cross-sectional pore area. The differences in the trap- sat
ezoidal pores of Fig. 6 are detailed in Table I. These figures g, 7. adsorption in the center sligg, (see Fig. 1 caption
show that pore shapes with roughly the same cross-sectiongdrsus saturatiop/ps4, for a 20r square pordthick line), a 23

area give similar predictions for the hysteresis loop, althoughjiameter cylindrical poréthin line), a rectangular pore with a 1.5
the adsorption behavior at lower saturations differs widelyaspect ratio and a #6short side(thin line), a rectangular pore with

The square pore and rectangular pore of aspect ratio 1.5 hawe3.0 aspect ratio and a &0short side(thin line), and a right
the smallest differences i8%/A compared to the cylinder triangular pore with a 22 short side(thick dotted line.
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TABLE I. Area (A), circumference €), andC?/A for each pore shape.

Pore Area(A) CircumferenceC) C?IA
Cylinder ma? 2ma 12.566
Square a? 4a 16
Right triangle a2 (2+2)a 23.314
Rectangle b=ha) ba=ha? 2(a+b)=2(1+h)a
Aspect h=1.5) 1.5 5a 16.667
Aspect h=3.0) 3a? 8a 21.333
Trapezoid (—1/2+1)ha? (1+1+2VhZ+ (1—-1)%4)a
(1) h=8.33, |=25 108.333?2 55.21% 28.146
(2 h=1, 1=3 2a? (4+2\2)a 23.314
(3) h=15, 1=3 3a? 7.6061 19.284

which is shifted to slightly lower saturations, while the rect- are reached. From this we conclude that the presence of cor-
angular pore has a significant shift in the point where theners nucleates the layering transitions and pore filling in rect-
hysteresis loop occurs. The trapezoidal pores in the insetngular pores and surmise that this effect occurs in all close
demonstrate the same trends seen in the other pore shapkmped polygon pores. For rectangular pores, the shorter side
Trapezoid 1 has the largest value ©f/A and shows the length controls the maximum shift of the hysteresis loop to
largest shift to lower saturations. Trapezoid 2 has the samiigher saturations. The hysteresis loop also shrinks in size
value of C?/A as the right triangle and shows a hysteresisbefore reaching some limiting value. It can be seen from the
loop that almost matches the right triangle. Finally trapezoidigures that a rectangular pore with high aspect ratio will not
3 has the smalle€€?/A value and is the right most curve in have a condensation hysteresis loop similar to a rectangular
the inset. The pores which contain acute angled corfigrs pore of the same cross-sectional area but much smaller as-
angle and trapezoigisnaintain a larger size of the hysteresis pect ratio unless the short side length itself is very large. As
loop asC?/A is increased compared to the rectangles. has already been noted, the differences between very large

The comparison based on circumferer{éy. 7) shows pores are much smaller and in most instances can be ignored.
behavior opposite to the area comparison, with the low pres- The behavior of slit pores or planar surfaces may have an
sure adsorption curves in fairly good agreement but the hysimpact on the adsorption in these pores because we chose to
teresis loops differing widely. The differences in the low study pores with ends opening onto an exterior surface. This
saturation adsorption curves arise largely from differences iexterior surface is flat except for the pore opening itself.
surface roughness and the angles formed in the corners. ®ince we use periodic boundary conditions, the open spaces
should be noted that a rectangular pore with a ratio of 1.5 hagbove each exterior surfaces are in fact a single region and
roughly the same equivalent area and circumference as the
square pore; this results in many of the transitions being 1600
identical. However, in some instances the layering transitions
in the rectangular pore are broken into separate transition:
for each side length. Figure 7 shows that the adsorption a
low saturations can be predicted very well for any pore shape 1200
using a cylindrical pore with an equivalent circumference.
Capillary condensation is more sensitive to pore shape, al
though for shapes which are not a large departure from ar
ideal cylindrical pore the results are similar. The pores Whose(>>800
shapes depart greatly from a cylindrical pore have a very
different behavior and were investigated in more detail.

In Fig. 8 we show the behavior of rectangular pores with
one side length fixed while the other is allowed to vary. If
this varying side length were taken to infinity a slit pore with
closed ends would be the result. The key feature of Fig. 8 is
that after an initial shifting of the condensation hysteresis
loop to higher saturations, some limiting value is rapidly = T
reached which is not the hysteresis loop for the infinitely % 0.2 0.4 0.6 0.8 1
periodic slit pore. In fact, adsorption isotherms for slit pores p/psat
do not condense until 10-15 %bovethe bulk saturation
value at this temperature. Overall, the layering transitions FIG. 8. Adsorption in the center slic8, (see Fig. 1 caption
observed at lower saturations for the rectangular pores do n@ersus saturatiop/p.,, for a series of rectangular pores with the
appear in the slit pores until much higher saturation valueshort side fixed at 18. The long side length is noted in the figure.

e |

800

400 5

[ 30c
2506
200
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400 : neck of 10@. The larger straight pore (29 is shown with
both ends open and with one opening plugged. The desorp-
tion curve of the smaller straight pore gives a very good
approximation of when the ink bottle pore empties. The ad-
sorption curve of the ink bottle is similar to the large straight
pore open at both ends except that any transitions showing
hysteresis occur sooner in the ink bottle than in the straight
pore. The adsorption for the straight pore with one end open
is exactly that of the ink bottle pore. One may think this is a
reasonable expectation as the ink bottle with the necks cap-

. illary condensed would appear to be a pore with a bottom.
200 ink-bottle + capped sq. L. . . .

adsorption However, the transitions in the ink bottle at saturations well
below the capillary condensation of the neck region are also
shifted to lower saturations. At these transitions, the ink

300

200 square ads,

desorption

200 open + capped square

20c ink-bottle
desorption

>
QO 200

200 capped
sq. des.

100

200 square ads.

100 square bottle pore still exhibits a hysteresis loop while the pore with
one end open does not have a loop for any of these transi-
0 gt b b e ions, In general, pores open at one end do not have hyster-
P/Psat esis loops(except for the pore filling and when they do

these loops are much smaller in size compared to pores open
FIG. 9. Adsorption in the center slioc, (see Fig. 1 caption  at both ends. Although smaller in size, a shift in the location
versus saturatiop/p., for a square ink-bottle pore with &Onecks  of transitions to lower saturation is also seen in pore shapes
and a 2@ body, adsorptiorithick dashed ling and desorptiofithin -~ where three walls meet in an acute angle, just as a shift in the
solid line). A 100 square pore open at both ends is also sh@ihin  |ocation of transitions is seen for pores without corr(stis)
solid lines, as is a 26 square pore with both ends opghin solid  tg pores with corners. In general, the adsorption curve of the

lines), and a 26- square pore with only one end op@isorption— jnk pottle pore will match that of the straight pore with one
thin solid line, desorption—thick solid line end open

this region is a slit pore after the pores are condensed. The
wall potentials for these surfaces are not uniform but vary
depending on whether one is over a wall site or a fluid filled IV. CONCLUSIONS
pore. It is possible that a film on the exterior surface region o )
could control the desorption of the pore. While a thick liquid AN €xamination of nonideal shaped pores has revealed
film remains stable on the exterior surface, the pores have tiRPMe interesting behavior as well as emphasizing some
properties of an enclosed pofieo openingsor an infinitely known features of these systems. It has been shown that for
periodic pore. The desorption branch of such a pore, as sedipres with shapes close to that of a cylinder, the capillary
in Sec. |, is stable to much lower saturations compared to theondensation in a cylinder pore of equivalent pore area will
open pores where a meniscus forms at the pore opening. The similar to that of a pore whose shape is not cylindrical.
requirement for a film on the exterior surface to control theFor pores with a larger departure in shafeangle, trap-
desorption process is that the film must be sufficiently thickezoid, and rectangle of aspect rat®) the results are not as
that menisci cannot form over the pores and must be stable toell predicted. If the adsorption at saturations below the
lower saturations than the open pore with a meniscus. Faaturation of the capillary condensation is of interest, a cyl-
our model, a liquid film several sites thick, which could pre-inder pore of equivalent circumference predicts the adsorp-
vent the formation of menisci, persists during desorption ortion quite well. For pores with much larger aspect ratios and
the surface of slit pores until a saturation of 0.9. The largewith a shorter length that is not too large, a departure from
pore emptying for the desorption curve takes place in thighis behavior is seen and pore condensation occurs close to
same region and may be controlled by this exterior film. Forthat of a cylinder with the shorter length as the diameter. For
smaller pores, the exterior surface will not play a role sincevery large pores, the details of the shape and even the exact
the thick liquid layer does not persist to low enough valuessize of the pore is no longer important in determining the
of the saturation. adsorption hysteresis loop. The presence of corners formed
Because real pores may have a significant variation iy the intersection of two pore walls helps to nucleate lay-
their pore diameter down the length of the pore, we considering transitions in pores so that the layering observed for a
ered the adsorption in an ideal pore which exhibits such beplanar surface will be seen in pores at much lower satura-
havior. We considered ink-bottle-type pores where the endsgons. A similar but much smaller shift is seen in pores where
in contact with the outside have smaller pore diametershree walls meet in an acute angles. It is important to note
(necks. In Fig. 9 C, versus the saturatiop/ps,; is shown that features that affect only a small portion of the pore, such
for two straight square pores with side lengths otrl@nd  as the presence of pore openings, acute angled corners, and
200 and a square ink bottle with a neck side length of-10 neck constrictions in ink bottle pores, have a significant im-
a length from pore opening to the larger pore region af, 19 pact on the adsorption-desorption curves and hysteresis of
a large region side length of ) and a length from neck to the entire pore.
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