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The increasing use and application of ze- 
olites merit an intensive effort toward at- 
taining a more profound understanding of 
the nature of the physicochemical features 
responsible for the exceptional perfor- 
mance of zeolites applied to different areas 
of chemistry such as catalysis and cracking. 
By and large, the scientific community has 
resorted to conventional, or ad hoc, models 
to explain this remarkable activity. In- 
cluded among these are lengthy discussions 
of adsorption on other surfaces, van der 
Waals, electrostatic and dispersion forces, 
quadropole interactions, or different com- 
binations of the latter. With the introduc- 
tion of synthetic zeolites, i.e., alumin- 
ium-free and/or aluminium-deficient, the 
confusion was enhanced. The noninsertion 
or the removal of the negatively charged 
[AlOJ unit eliminated the pore-blocking 
effect of the positively charged counter-ion 
and altered the impact of electrostatic 
forces. Furthermore workers in the field are 
frequently forced to include additional ad 
hoc effects such as ill-defined structural de- 
fects, super-acid sites, or the occasional 
“hot-spot.” As a consequence the litera- 
ture on zeolite chemistry is ambiguous as to 
the origin of the forces exerted on sorbate 
molecules. 

lite properties and reactivities could be 
treated by including non-Euclidean geome- 
try. As will be shown (uide infra) the con- 
cept of intrinsic curvature and its exten- 
sion, the average Gaussian curvature, 
provide the means for explaining zeolite- 
sorbate interactions hitherto not properly 
accounted for. 

A recent article (5) dedicated to the 
adsorption of different hydrocarbons on 
highly dealuminated zeolites contains a 
substantial amount of information incor- 
rectly interpreted, largely due to the inade- 
quacy of conventional models. However, if 
we allow for the presence of highly curved 
surfaces most of the problems disappear. 
For instance, if the differential heats of ad- 
sorption of a series of hydrocarbons, nCz- 
nC,o, on the highly dealuminated zeolite 
US-Ex (faujasite group) are plotted against 
the loading on the zeolite the heat curve 
initially (i.e., at loadings <0.2 mmol g-l) 
falls steeply, from a vaguely determined 
zero-loading value, passes through a mini- 
mum at -0.2 mmol g-l, whereupon it 
steadily rises to a maximum at >l .O 
mmol g-i, after which it levels off (Fig. 1). 

In the beginning of this decade in a series 
of papers, Andersson and Hyde (Z-4) con- 
vincingly showed that the problem of zeo- 

The Gaussian curvature (K) of a surface 
is defined as the product of the principal 
curvatures; the latter are defined as the in- 
verse of the radii of the circles that most 
closely approximate the curves that are ob- 
tained when a plane through the surface 
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FIG. 1. Schematic representation of hydrocarbon 
adsorption on US-Ex. 

normal is rotated around that normal. For a 
minimal surface the principal curvatures 
have the same values but opposite signs in 
its every point, hence K < 0. For a given 
surface element K in every point can be 
determined and the integral Gaussian cur- 
vature can be calculated. When the latter is 
divided by the area of the surface element 
the average Gaussian curvature is obtained. 
According to Thomasson et al. (6) the ad- 
sorptive properties of a non-Euclidean sur- 
face are determined by the average Gaus- 
sian curvature of the surface. That is, the 
total van der Waals forces exerted by the 
various structural elements establishing the 
surface are focused into a force field that 
runs parallel to the original surface. A 
highly symmetric structure such as fauja- 
site can then be envisaged as a force field 
matrix enabling sorbate molecules to travel 
nearly adiabatically along principal lines of 
curvature, i.e., on paths continuously per- 
meating the entire structure. 

A translation of this situation into physi- 
cal terms implies a state of aggregation be- 
tween that of a gas and a liquid, i.e., a 
quasi-liquid. This picture is, of course, only 
valid at very low loadings. At higher load- 
ings, due to intermolecular crowding, mole- 
cules will be displaced toward the sorbent 
surface, out of the force field focus, where 
interception by sites of maximum Gaussian 
curvature will prevail; in physical terms, 
this is analogous to solidification. 

For the heat uersus loading curves the 
following interpretation can then be formu- 

lated: the first part of the curve, i.e., the 
descent at loadings of less than 0.2 mmol 
g-r is attributable to sorbent bulk inhomo- 
geneity. In the preparation of US-Ex, struc- 
tural aluminium is leached out from NaY by 
acid percolation, followed by heat-curing of 
the framework (7). As can be seen from the 
analysis of the sample, aluminium removal 
is not complete; the silicon to aluminium 
ratio is approximately 95 : 1, indicating the 
presence of structural domains resembling 
native Nay. Furthermore, during the heat- 
curing one anticipates that recrystallization 
takes place. Since no extraneous silicon is 
added this process relies on chance pres- 
ence of SiO,; thus, framework curing can 
be severely hampered leading to the forma- 
tion of, e.g., small-ring zeolitic entities. 
Both NaY and small-ring zeolites, e.g., so- 
dalite, exhibit higher average Gaussian cur- 
vature than US-Ex. 

Consequently, the first part of the heat 
curve has no bearing on the remainder. It is 
simply condensation on non-US-Ex zeolitic 
entities, the higher curvature of which at- 
tracts the sorbate molecules entering ini- 
tially. Thus, the minimum at =0.2 mmol g-r 
results from the intersection of the de- 
scending heat curve ascribable to non-US- 
Ex adsorption and the ascending heat curve 
of US-Ex. In terms of the image of US-Ex 
as a force field matrix the heat curve should 
have the attributes that are actually found. 
Deconvolution of the heat curve, i.e., re- 
moval of the non-US-Ex portion, yields a 
plateau from zero loading to -0.2 mmol 
g-l, implying that the sorbate molecules 
travel along the paths determined by the 
force field matrix. There is no intermolecu- 
lar energy exchange, only a relatively low 
energy exchange with the sorbent, which 
depends on molar quantities rather than 
molecular size. When the loading is in- 
creased the heat curve ascends steeply, 
larger molecules yielding a steeper slope. 
This implies that sorbate molecules ex- 
change energy, i.e., the number of mole- 
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cules contained in the force field matrix is 
increased, thereby enhancing the probabil- 
ity of intermolecular contact, which is then 
transferred to the sorbent through solidifi- 
cation at the saddle points of maximum 
Gaussian curvature. At loadings of >l.O 
mmol g-l the heat curve reaches a maxi- 
mum indicative of a phase transition, i.e., a 
transition from a solid-resembling state to a 
liquid state. The final descent reflects a situ- 
ation where intermolecular energy transfer 
dominates as compared to sorbate-sorbent 
energy exchange. This latter portion of the 
heat curve is determined by the large vol- 
ume available in faujasite zeolites. Entropy 
measurements fully account for the related 
phase transitions. 

If this treatment is extended to a cyclic 
structure cyclohexane behaves analogously 
to n-hexane. If one allows for the fact that a 
cyclic structure may find it impossible to 
align itself as perfectly to a curved surface, 
thereby lowering the maximum of the heat 
vs loading curve, as compared to a straight- 
chain compound, the overall features are 
identical. 

Silicalite, a zeolite of the pentasil type 
with narrower pores, i.e., higher average 
Gaussian curvature, exhibits somewhat dif- 
ferent behavior. First, the synthetic proce- 
dure creates less distortion of the frame- 
work, as evidenced by the absence of a 
steep descent in the low-loading region of 
the heat curve. Second, the high curvature, 
coupled with lack of symmetry, when com- 
pared to faujasite, obliterates the opportu- 
nity to maintain a force field matrix, except 
perhaps in the intersection of the channels. 
Obviously, this will bring about solidifica- 

tion, essentially without transition from a 
quasi-liquid state of aggregation. Third, the 
narrow channels cannot lodge a sufficient 
number of molecules to allow liquefaction, 
thus explaining the absence of a maximum 
of the heat curve. This reasoning is fully 
substantiated by entropy measurements. 

In conclusion, we believe that regarding 
zeolites as conveyers of non-Euclidean ge- 
ometry can provide a powerful means of 
understanding phenomena encountered in 
zeolite chemistry. We also believe that ap- 
plication of this model will enable research- 
ers to make intelligent and fertile predic- 
tions regarding framework composition and 
the outcome of chemical reactions. 
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