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A method for the calculation of fractal surfaces of crystals is presented. The fractal dimension D of fragments of zeolites is calcu-
lated. Results compare well with reference calculations (GEPOL). The active site of Brønsted acid zeolites is modeled by a set of
Al−OH−Si units. These units form 2–12-membered rings. Topological indices for the different active-site models are calculated.
The comparison between GEPOL and SURMO2 allows calculating the active-site indices. Most cavities show no fractal character,
while for the 6–8-unit rings, D lies in the range 4.0–4.3. The 6-ring shows the greatest D and is expected to be the most reactive.
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1. INTRODUCTION

Zeolites provided an example of the fruitful symbiosis be-
tween mineralogists, structural crystallographers, inorganic
chemists, and materials scientists. Joint professorships of
chemistry and mineralogy were typical in the US during the
early 19th century, and mineralogists were listed as one of the
six subcategories of chemists in 1870. Many zeolites were first
described as minerals, as well as the chemical substitutions in
the frameworks of synthetic zeolites, and the new related mi-
croporous aluminophosphate-based materials were known
earlier in the feldspar and feldspathoid groups of miner-
als. The mathematical concepts used to describe the topol-
ogy of frameworks in zeolites developed from ones known
to Greek philosophers, as well as ones used to such stun-
ning effect in Romanesque and Islamic decorations. In the
20th century, development of crystallographic and spectro-
scopic techniques led to spectacular discoveries about the
topochemistry of zeolites. Deliberate control of crystalliza-
tion processes produced many materials not known in na-
ture. Controlled chemical and physical treatments were used
to tailor valuable new products for industry, for example,
shape-selective molecular-sieve catalysts. Aluminosilicate ze-
olites play an increasingly important technological role in
the petroleum and petrochemical industries. The proper-
ties of zeolites that are exploited in their use as catalysts,
sorbents, or ionexchangers reflect particular structural char-

acteristics. A detailed knowledge of structure is a prereq-
uisite for understanding zeolite performance. Zeolite struc-
tural characterization is hampered by the complexity of ze-
olite structures, their relatively unfavourable X-ray scatter-
ing characteristics, and general unavailability as suitably large
single crystals. Problems of phase purity, homogeneity, in-
tergrowths, or stacking disorder are relatively common, pre-
venting the application of traditional methods for structure
elucidation; for example, zeolite beta is a near extreme of
such stacking disorder.

The catalytic properties of zeolites were determined by
the framework composition of the zeolite [1]. Alteration of
the Si/Al ratio led to dramatic variations in the catalytic
activity and stability of the zeolite framework [2]. It was
possible to isomorphously substitute certain elements into
the framework tetrahedral positions of zeolites [3]. Isomor-
phously substituted zeolites showed large variations in the
polarity and acidity of the framework, and they became also
important means by which to tailor zeolites to suit partic-
ular catalytic needs. Ab initio molecular-orbital calculations
were used to predict structural and acidic properties of ze-
olites [4, 5]. By using model-cluster units to represent a
portion of the framework surrounding a particular active
site, the fundamental difference in acidity between a bridged
Al hydroxyl (−OH) and a free or terminal −OH was pre-
dicted. B [6], Ga, and Ge isomorphously substituted forms
were included, with the B and Ga forms corresponding to
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isomorphous substitution of Al, as well as the Ge form rep-
resenting substitution of Si [7]. The calculated acidic char-
acteristics were in good agreement with experiment. The use
of zeolites as acidic catalysts raised interest in the structure
and properties of their active sites [8, 9]. The sources of
Brønsted acidity in zeolites are bridged −OHs, which arise
from the presence of Al or TIII atoms replacing Si in their
structure [10]. The use of nanomaterials with defined struc-
ture and properties allows building solid architectures with a
precise control at several scales. Zeolites are ideal precursors
for building multifunctional hierarchical solids, due to their
(1) crystal structure, (2) chemical and thermal stabilities, (3)
acidic, interchange, and molecular-sieve properties, (4) low
cost, as well as (5) structural and chemical varieties. Some
applications are the preparations of (1) advanced zeolites and
zeotypes from conventional zeolites via hydrothermal treat-
ment, (2) mesoporous crystal structures of zeolitic walls and
their molecular sieve and catalytic properties in the crack-
ing of voluminous hydrocarbons, as well as (3) hierarchical
mesoporous silicas from cell-membrane phospholipids and
resolutions of these new nanostructures.

In earlier publications, the fractal dimension of differ-
ent structural-type zeolites was calculated [11]. Correlation
models were obtained between the fractal dimension and
some topological indices. Some Brønsted-acid models were
proposed [12]. The smallest unit SiH3−OH−AlH3 repre-
sented a bridged −OH, and the remaining models closed
rings consisting of SiH2−OH−AlH2− units. An analysis of
the geometric and topological indices for the active-site
models was performed [13]. The aim of the present report
is to perform a comparative study of the properties of a set
of Brønsted-acid models representative of Si−Al zeolites and
to distinguish a particular ring that suggests the greatest re-
activity. The smallest investigated unit SiH3−OH−AlH3 is
taken to represent a bridged −OH. The remaining active-
site models are built by closing rings consisting of 2–12
−SiH2−OH−AlH2− units. In the next section, the geomet-
ric descriptors and topological indices are described. Follow-
ing that, the results for the descriptors and indices of differ-
ent active-site models of zeolites are presented and discussed.
The last section summarizes the conclusions.

2. GEOMETRIC DESCRIPTORS AND
TOPOLOGICAL INDICES

In our program TOPO for the theoretical simulation of the
shape of crystal fragments [14], their surface is represented
by the external surface of a set of overlapping spheres with
appropriate radii, centred on the atomic nuclei [15]. The
fragment is treated as a solid in space, defined by tracing
spheres around the atomic nuclei. It is computationally
enclosed in a graduated rectangular box, and the geometric
descriptors evaluated by counting points within the solid or
close to chosen surfaces. The fragment volume V , surface
area S, and two topological indices of fragment shape can
be calculated. Consider Se as the surface area of a sphere
whose volume is equal to the fragment volume V [16]. The
ratio G = Se/S is interpreted as a descriptor of fragment

globularity. The ratio G′ = S/V is interpreted as a descriptor
of fragment rugosity.

The properties of the systems solvated in water are
strongly related to the contact surface between solute and wa-
ter molecules. Starting from this fact, another molecular ge-
ometric descriptor was proposed: the solvent-accessible sur-
face area AS [17]. The AS is defined by means of a probe
sphere, which is allowed to roll on the outside while main-
taining contact with the bare molecular surface [18]. The
AS can be calculated in the same way as the bare molecu-
lar surface area by means of pseudoatoms, whose van der
Waals radii [19] have been increased by the probe radius
R [20]. The accessibility is a dimensionless quantity vary-
ing between 0 and 1, and it also represents the ratio of the
solvent-accessible surface area in a particular structure to
the solvent-accessible surface area of the same atom when
isolated from the molecule. The fractal dimension D of the
molecules may be obtained as D = 2 − d(log AS)/d(logR)
[21]. The fractal dimension D provides a quantitative indi-
cation of the degree-of-surface accessibility towards different
solvents [22]. TOPO allows an atom-to-atom analysis of D
on each atom i, to obtain an atomic dimension index Di from
the atomic contributions to the accessible surface area ASi.
The Di can be weight-averaged to obtain a new molecular di-
mension index D′ = (ΣiASiDi)/AS, where the ASi are used
as weights for the Di. Note that if an ASi = 0 for any probe,
Di cannot be calculated for atom i, and so, this atom does
not contribute to D′. Thus, D′ represents a D averaged for
atoms nonburied (accessible) to any of the solvent-accessible
surfaces in the range of probe spheres. In particular, D′ = D
for systems without buried atoms, for example, inert gases,
C60, and so forth.

A version of TOPO has been implemented in our ver-
sions of programs AMYR [23], GEPOL [24], and SURMO2
[25]. AMYR carries out the theoretical simulation of molec-
ular associations and chemical reactions. GEPOL performs
an accurate triangular tessellation of the molecular sur-
face and is used for reference calculations. Both TOPO and
GEPOL recognize the cavities in inclusion molecules and are
adequate to study intercalation compounds. On the other
hand, SURMO2 does not recognize cavities. Furthermore,
the combination of SURMO2 and GEPOL results allows the
characterization of the molecular surface of internal cavities.
Our version of SURMO2 has been corrected for the devia-
tion from the spherical shape, by dividing each point contri-
bution by the cosine of the angle formed by the semiaxis and
the corresponding normal vector to the surface at this point.
The volume and surfaces of crystal fragments with cavities
have been corrected by maximizing, in each angular orienta-
tion, the distance of the most distant atom in each semiaxis.

3. CALCULATION RESULTS AND DISCUSSION

The following zeolites of different structural types have
been studied, namely faujasite, ZSM-11, ZSM-5, mordenite,
sodalite, and beta-A. The topological indices calculated for
the zeolite crystals are reported (cf. Table 1), including two
fragments of faujasite (I and II) with different number of
atoms. The faujasite, ZSM-11, ZSM-5, and beta-A structures
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Table 1: Topological indices for zeolites.

Zeolite Da D′b Framework density Fc
d Type of rings: Rmax Type of access Gd G′e

Faujasite-I 1.866 2.317 12.7 12 3 0.326 0.838

Faujasite-II 1.912 2.193 12.7 12 3 0.295 0.864

ZSM-11 1.962 2.315 17.7 10 3 0.300 0.851

ZSM-5 2.026 2.174 17.9 10 3 0.295 0.867

Mordenite 1.961 2.058 17.2 12 2 0.317 0.882

Sodalite 2.149 2.311 17.2 6 3 0.225 0.934

Beta-A 1.981 2.215 15.1 12 3 0.276 0.825

aFractal dimension of the solvent-accessible surface.
bFractal dimension of the solvent-accessible surface averaged for nonburied atoms.
cThe framework density is expressed as the number of T sites per 1000 Å3.
dFragment globularity.
eFragment rugosity (Å−1).

Table 2: Geometric descriptors and topological indices for zeolite fragments.

Zeolite V a Sb ASc HBASd HLASe AS′f Gg G′h

Faujasite-I 5536 4639 4163 1258 2905 4742 0.326 0.838

Faujasite-II 6844 5910 5954 3986 1968 6513 0.295 0.864

ZSM-11 6781 5773 4433 2631 1802 4660 0.300 0.851

ZSM-5 6729 5835 4789 2988 1801 4752 0.295 0.867

Mordenite 5186 4576 3759 2343 1416 3943 0.317 0.882

Sodalite 12157 11355 7874 5429 2445 6805 0.225 0.934

Beta-A 9022 7602 6295 4314 1981 6389 0.276 0.825

aFragment volume (Å3).
bFragment surface area (Å2).
cWater-accessible surface area (Å2).
dHydrophobic-accessible surface area (Å2).
eHydrophilic-accessible surface area (Å2).
fSide-chain-accessible surface area (Å2).
gFragment globularity.
hFragment rugosity (Å−1).

show three-dimensional channels, while mordenite shows
two-dimensional channels. Each type of zeolite possesses a
well-defined crystalline structure, with pores of certain dis-
tinct sizes. The studied zeolites cover different pore sizes: fau-
jasite, mordenite, and beta-A are large-pore zeolites (show-
ing channels with access limited by 12-ring windows), while
ZSM-11 and ZSM-5 (10-ring) as well as sodalite (6-ring)
show smaller windows.

The geometric descriptors and topological indices for
the zeolite fragments (cf. Table 2) show a relative error for
the fagment volumes V of 0.8%. However, for the fragment
surface areas, the errors are larger, for example, 6% for the
bare fragment surface area S. Furthermore, the error drops
for the water-surface-accessible surface area AS (3%) and
even for the side-chain-accessible surface area AS′ (2%) due
to the internal cavities. The atom-to-atom analysis of the
water-accessible surface area AS shows that in general, its hy-
drophobic term HBAS is almost double than its hydrophilic
component part HLAS. In particular, on going from mor-
denite to sodalite, the geometric descriptors are doubled. On

going from sodalite to mordenite, the fragment globularity G
increases by 42%. The fragment rugosity G′ shows the oppo-
site trend. On going from beta-A to sodalite, G′ increases by
13%. The structural class of sodalite is quantitatively distin-
guished from other classes with respect to all the indices.

Table 3 lists the accessibility of the solvent-accessible sur-
face for different solvents, as well as fractal dimensions D
and D′ for some zeolite fragments. The accessibility of the
solvent-accessible surface is calculated for solvents with dif-
ferent molecular sizes. The radius of the solvent molecule
varies from Rs = 1.250 Å (representing a water molecule) to
Rs = 3.500 Å (protein side chain). On going from water to
the side chain, the accessibility of the solvent-accessible sur-
face monotonically decreases by 66% on average. In partic-
ular, for faujasite, the relative decrease in accessibility is the
lowest and, for ZSM-5, the diminution in this property is the
greatest. The fractal dimension D of the solvent-accessible
surface lies in the range 1.9–2.1, and its relative error is 1%.
On going from faujasite to sodalite (Table 1), D increases
by 14%. In particular, for faujasite, ZSM-11, mordenite, and
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Table 3: Topological indices for zeolite fragments: accessibility and fractal dimension.

Zeolite Acc.a1 Acc.2 Acc.3 Acc.4 Acc.5 Rel. decline Acc5−1 (%) Db D′c

Faujasite-I 7.42 5.93 4.66 3.63 2.67 64.0 1.866 2.317

Faujasite-II 9.64 7.74 6.07 4.58 3.37 65.0 1.912 2.193

ZSM-11 7.18 5.67 4.33 3.20 2.41 66.4 1.962 2.315

ZSM-5 7.75 6.07 4.56 3.26 2.46 68.3 2.026 2.174

Mordenite 8.11 6.35 4.80 3.61 2.72 66.5 1.961 2.058

Beta-A 7.64 6.16 4.83 3.55 2.48 67.5 1.981 2.215

aAccessibility (%) of the solvent-accessible surface for different solvents with radii Rs: (1) water, Rs = 1.250 Å; (2) Rs = 1.617 Å; (3) Rs = 2.092 Å;
(4) Rs = 2.706 Å; and (5) side chain, Rs = 3.500 Å.
bFractal dimension of the solvent-accessible surface.
cFractal dimension of the solvent-accessible surface averaged for nonburied atoms.

beta-A, the D are intermediate between that for a completely
smooth line (D = 1) and that for a completely smooth sur-
face (D = 2). However, for ZSM-5 and sodalite, the D are in-
termediate between that for a completely smooth surface and
that for a completely porous material (D = 3). D increases,
in general, with the relative decline of the accessibility (col-
umn 7 of Table 3). On the other hand, the atomic analysis of
TOPO allows averaging D only for nonburied atoms. The D′

fractal dimension increases by 11% and lies in the range 2.1–
2.3. Thus, for all the zeolite fragments, the D′ are interme-
diate between that for a completely smooth surface and that
for a completely porous material. In particular, the pictures
of faujasite, ZSM-11, mordenite, and beta-A change from a
chanelled to a porous material. For mordenite, the D′–D in-
crement is the smallest (5%), and for ZSM-11, is the greatest
(18%). Thus, the structural class of mordenite is quantita-
tively distinguished from the other classes with respect to the
D′–D increment.

Linear and quadratic correlation models of the fractal di-
mension D have been carried out versus the structural prop-
erties of the zeolite crystals, as well as the geometric de-
scriptors and topological indices of the fragments, via least-
squares regression. Faujasite-I is omitted in all the fits in or-
der not to overweight this particular structure. The best lin-
ear regression for D results are as follows:

D = 1.69 + 0.0216Fd + 0.00958Rmax − 2.30G + 0.590G′,

PESS = 0.0248, MAPE = 0.42%,

AEV = 0.0237, r2
= 0.9763,

(1)

where the prediction error sum of squares (PESS), mean ab-
solute percentage error (MAPE), approximation error vari-
ance (AEV), and coefficient of determination (r2) are re-
ported. The zeolites (Table 1) are arbitrarily sorted. The lin-
ear model (cf. Figure 1(a)) incorrectly predicts the fractal
dimensions of ZSM-11 and ZSM-5. Furthermore, the best
quadratic model for D results are as follows:

D = 2.00− 0.00337z31 + 0.0776z32 + 0.000519z31z32,

z31 = 6.15− 10.1G− 0.317Rmax,

z32 = 0.898z22 − 0.135z2
21 + 0.158z21z22 + 0.0341z2

22,

z21 = −8.81 + 0.541Fd ,

z22 = 3.62z11 + 1.56z12 + 30.2z2
11 − 69.7z11z12 + 37.5z2

12,

z11 = −11.2 + 1.48Fd + 81.7G2
− 4.21G · Fd,

z12 = 6.15− 10.1G− 0.317Rmax,

PESS < 0.00005, MAPE = 0.01%,

AEV < 0.00005, r2 > 0.99995,

(2)

and AEV decreases virtually by 100%. The model results are
superposed to the original data (Figure 1(b)), and the agree-
ment is faultless.

A set of Brønsted-acid model units representative of
Si−Al zeolites is studied. The smallest unit investigated
SiH3−OH−AlH3 is taken to represent a bridged hydroxyl
group; the remaining active-site models are built by clos-
ing rings consisting of 2–12 −SiH2−OH−AlH2− units (cf.
Figure 2).

The internal cavities of these rings contribute to both
total volume and fragment surface area. On the one hand,
the total volume Vt of the zeolite active-site models is the
sum of both fragment V f and cavity Vc volumes: Vt =

V f + Vc. On the other, the fragment surface area S f is
the sum of both external Se and cavity Sc surface areas:
S f = Se + Sc. Table 4 lists the geometric descriptors for the
active-site models. The calculations labelled fragment + cav-
ity have been carried out with SURMO2. SURMO2 is un-
able to recognize the internal cavities of the active-site mod-
els. Hence, the calculated volume V is a measure of the total
volume Vt ; for example, for the 6-membered ring, Vt equals
567.3 Å3. Furthermore, GEPOL does recognize the cavities,
and the value of the fragment volume V f is available; for

example, V f (6-ring) = 490.9 Å3. The external surface area

Se(6-ring) = 360.7 Å2 is estimated by SURMO2. Besides, the
actual (external plus internal) fragment surface area S f (6-

ring) = 656.6 Å2 (GEPOL).
Table 5 reports the topological indices for the zeo-

lite active-site models. The fragment globularity G is the
topological index that better differentiates the active-site
models. Not surprisingly, G is rather greater as calculated
by SURMO2 (closer to unity for the largest ring in the
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Figure 1: Comparison of data with models (fractal dimension): (a) linear and (b) quadratic models.

Table 4: Geometric descriptors for zeolite active-site models.

Type of ring
V a fragment

V b fragment
Sc fragment

Sb fragment
ASd fragment

ASb fragment AS′b,e fragment
+ cavity + cavity + cavity

2 176.3 160.0 186.7 210.2 422.6 371.6 746.1

4 433.5 328.8 346.0 439.6 652.4 659.7 1106.0

6 567.3 490.9 360.7 656.6 854.9 992.2 1509.2

8 813.4 660.9 414.6 907.9 959.4 1363.3 2052.6

10 742.4 825.3 447.2 1135.5 910.9 1731.9 2631.2

12 888.2 989.2 460.7 1360.7 1062.9 2091.8 3203.6

aFragment volume (Å3).
bCalculations carried out with the GEPOL program.
cFragment surface area (Å2).
dWater-accessible surface area (Å2).
eSide-chain-accessible surface area (Å2).

Gfragment+cavity column) compared with GEPOL (Gfragment).
Moreover, the fragment rugosity G′ is smaller. Note that the
internal cavity effect is difficult to appreciate in the context of
the fragment volume, globularity, and rugosity (10–12-ring),
water-accessible surface (2-ring), and side-chain-accessible
surface area (2–6-ring), because of their small or null calcu-
lated cavity contributions.

From the calculation results referring to the total
(SURMO2) and cavity-sensitive (GEPOL) fragment shape,
the geometric descriptors and topological indices for the cav-
ities of the zeolite active-site models have been estimated.
The results (cf. Table 6) show that the cavity volume and sur-

face areas are smaller for the 6-ring than for the 8-ring. How-
ever, for the 6-ring, the globularity, rugosity, and fractal di-
mension are greater. Note that for the 2–8-ring cavities, S >
AS ≥ AS′, because a water molecule with an effective radius
of 1.41 Å and a volume ca. 12 Å3 can hardly be contained
inside the smallest cavities. Moreover, a probe sphere rep-
resenting a protein side chain, with a radius of 3.5 Å and
a volume ca. 180 Å3, cannot be contained inside any of the
cavities. For the 2–4- and 10–12-ring cavities, the fractal di-
mension D is ca. 2, indicating that the solvent-accessible sur-
face of these rings is hardly sensitive to solvent size. Notwith-
standing, for the 6–8-ring cavities, D lies in the range 4.0–4.3.
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(a) (b)

(c) (d)

(e) (f)

Figure 2: Molecular images of −(SiH2−OH−AlH2−OH−)n rings: (a)–(f) n = 2, 4, 6, 8, 10, and 12.

In particular, the 6-ring cavity shows the greatest value of D,
indicating the greatest sensitivity of the cavity accessible sur-
face to solvent size. Therefore, it is suggested that the 6-ring
cavity can have the greatest Brønsted-acid catalytic activity.

Figure 3 shows the variation of the side-chain-accessible
surface area (AS′) with the water-accessible surface area (AS)
of the zeolite active-site models for the 1–12-ring. Three
points (1-, 2-, and 4-ring) appear superposed.
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Table 5: Topological indices for active-site models of zeolites.

Type of ring
Ga fragment

Gb fragment
G′c fragment

G′b fragment
Dd fragment

Db fragment
+ cavity + cavity + cavity

2 0.814 0.678 1.059 1.313 1.262 1.324

4 0.800 0.524 0.798 1.337 1.372 1.501

6 0.919 0.458 0.636 1.337 1.372 1.598

8 1.016 0.404 0.510 1.374 1.261 1.603

10 0.887 0.375 0.602 1.376 1.305 1.595

12 0.970 0.353 0.519 1.376 1.268 1.587

aFragment globularity.
bCalculations carried out with the GEPOL program.
cFragment rugosity (Å−1).
dFractal dimension of the solvent-accessible surface.

Table 6: Descriptors/indices for active-site model cavities.

Type of ring V a Sb ASc AS′d Ge G′f Dg

2 16.3 23.46 0.0 0.0 1.325 1.439 2.000

4 104.7 93.56 7.3 0.0 1.148 0.894 2.000

6 76.4 295.92 137.3 0.0 0.294 3.873 4.271

8 152.5 493.34 403.9 45.3 0.280 3.235 3.951

10 0.0 688.28 821.0 819.7 0.000 ∞ 1.985

12 0.0 899.99 1028.9 1103.3 0.000 ∞ 1.943

aCavity volume (Å3).
bCavity surface area (Å2).
cWater-accessible surface area (Å2).
dSide-chain-accessible surface area (Å2).
eCavity globularity.
fCavity rugosity (Å−1).
gFractal dimension of the solvent-accessible surface.

0
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Figure 3: Side-chain versus water-accessible surface areas of active-site models of zeolites.
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Table 7: Geometric and topological indices for zeolite 6-ring active-site model: atomic analysis.

Atom V a Sb Gc G′d ASe Accessibilityf AS′g Dh

Si 26.1 26.59 1.602 1.017 29.0 20.3 10.3 3.022

O 6.5 6.49 2.591 1.001 3.2 3.6 0.1 5.749

H(O) 7.7 9.09 2.076 1.179 3.2 3.5 8.9 2.963

Al 9.8 11.41 1.941 1.164 2.9 3.2 0.1 5.594

Cavity 76.4 295.92 0.294 3.873 137.3 — 0.0 4.271

All rings 487.9 624.64 0.480 1.280 965.7 18.4 1490.6 1.584

aRing volume (Å3).
bRing surface area (Å2).
cRing globularity.
dRing rugosity (Å−1).
eWater-accessible surface area (Å2).
fAccessibility (%) of the water-accessible surface.
gSide-chain-accessible surface area (Å2).
hFractal dimension of the solvent-accessible surface area.

The linear fit corresponds to

AS′ = −80.0 + 1.05 AS, r = 0.953. (3)

The slope indicates that an increase of 1.00 Å2 in AS corre-
sponds to an increase of 1.05 Å2 in AS′. The abscissa (or the
intersection with the interpolation line) at AS = 76.2 Å2 is
closer to the 6-ring, indicating the greatest sensitivity of its
solvent-accessible surface to solvent size.

The atom-to-atom analysis of the geometric descrip-
tors and topological indices for the zeolite 6-ring active-
site model, carried out with TOPO, considers (Table 7)
four atoms, namely Si, O, H(O), and Al in each −SiH2−

OH−AlH2− unit. The greatest contribution to the ring
volume V comes from each Si atom (52% of that for
Si/O/H/Al). The same trend has been observed for the
surface area SSi (50%), as well as solvent-accessible surface
areas ASSi (76%) and AS′Si (53%), due to the greatest acces-
sibility of each Si atom (AccSi = 20.3%). The Si-atom term
in the ring globularity GSi is the lowest. Moreover, each Si-
atom component part in the ring rugosity G′Si is small. Each
Si-atom input to the ring fractal dimension DSi is low; how-
ever, for the O atoms, DO is the greatest, and for the Al
atoms, DAl is large. The ring cavity contributes to the total
volume and surface area, as explained above (Table 5). Again,
Scavity > AScavity ≥ AS′cavity, as expected for a small cavity. The
fractal dimension Dcavity is large, indicating the sensibility of
the solvent-accessible surface of the cavity to solvent size and
suggesting that this cavity can have large Brønsted-acid cat-
alytic activity. The ring rugosityG′ and accessibility are small.
The ring fractal dimension D is large.

Our results, indicating the maximal sensibility of the
solvent-accessible surface of the 6-ring cavity to solvent size,
are in agreement with Hammonds et al.’s rigid-unit crys-
tal vibrational mode (RUM) model for the binding site of
cations [26]. In faujasite, the 6-ring was calculated to be
opening and closing under the influence of a local RUM, in
agreement with experiments.

4. CONCLUSIONS

From the present results, the following conclusions can be
drawn.

(1) The fragment globularity G is the topological de-
scriptor that better differentiates the zeolite active-site
models.

(2) The 6-membered-ring cavity model of the zeolite ac-
tive site shows the greatest fractal dimension, indicat-
ing the greatest sensitivity of its solvent-accessible sur-
face to solvent size. Therefore, it is suggested that the
6-ring can have the greatest activity as acidic catalyst.
Work is in progress to check the validity of this result.

ACKNOWLEDGMENTS

We wish to thank Dr. C. M. Zicovich-Wilson for providing us
with calculation results before publication on the optimized
geometry of zeolites. The authors acknowledge financial sup-
port from the Spanish MEC-DGI (Project no. CTQ2004-
07768-C02-01/BQU), Generalitat Valenciana (DGEUI
INF01-051 and INFRA03-047, and OCYT GRUPOS03-173),
and Universitat de València–Mediscovery.
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