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Chapter 6:  
Microporous and 

Mesoporous Solids 

Zeolites were discovered by 
Swedish mineralogist Baron 
Axel Cronstedt in 1756

Zeolites

a class of aluminosilicates based 
on rigid anionic frameworks with 
well-defined channels running 
through them that intersect at 
cavities.

• Cavities contain exchangeable
metal cations (Na+, K+, etc.)
• “Boiling stone” since zeolites lose 
water on heating.
• Cavity sizes range from 200-
2000 pm, therefore zeolites are 
classified as microporous
substances.

Mx/n[(AlO2)x(SiO2)y]  mH2O

where cations M of valence n neutralize the negative change on the framework
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Framework

The primary building blocks of 
zeolites are corner-shared 
[SiO4]4- and [AlO4]5- tetrahedra.

•flexible Si/Al-O-Si/Al linkage 
(120-180°)

•Can link by 2, 3 or 4 corners, 
forming a wide variety of 
structures.

quartz

a
b

Six linked tetrahedra form a “6-ring”

http://wikis.lib.ncsu.edu/index.php/Zeolites

Secondary building units 
of zeolite structures 

Sodalite Unit (b-cage)



3

sodalite zeolite A

faujasite
(zeolite x and zeolite y)
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Exchangeable cations
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Channels and cavities

3d sieve with mesh widths between 300 and 1000 pm
•can be used to separate mixtures such as straight chain and 
branched chain hydrocarbons

Channels may be parallel to:
(i) a single direction, resulting in fibrous crystals
(ii) two directions, so the crystals are lamellar
(iii) three directions (e.g. cubic axes), in which strong bonding occurs 
in three directions

Small pore Zeolite, port has diameter 410 pm, cavity 1140 pm across.
• Synthesis: gel approach, alumina (sodium aluminate) and silica 

(usually sodium silicate) are mixed in basic aqueous solution to give 
a gel. Gel heated to crystallize the zeolite.

• Application: catalysis, paraffin cracking, ion exchange separation.

Zeolite A (LTA)
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faujasite

mordenite
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Pore sizes:

small medium

ZSM-5Sodalite

Fig 7.11

Elliptical straight 
channels (5.1x5.6 Å)

Near circular channels 
(5.4x5.6 Å)

large-pore zeolites 

Faujasite

Fig 7.15

Mordenite
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Synthesis and Structure Determination of zeolites

Reactive silica and alumina reagents (sodium silicates and aluminates)
•hydrothermal conditions
•High pH (alkali metal hydroxide and/or organic base)
•Gel forms by copolymerization of silicate and aluminate
•Gel is heated gently (60-175°C) in an autoclave for several days

Examine crystal structure using X-ray and neutron diffraction and MAS-NMR

Synthesized zeolite product 
determined by experimental variables:
Composition, temperature, pressure, 
time, pH, templating agent (e.g. 
alkylammonium cation, R4N+), and 
mechanical movement

NaAl(OH)4(aq) + Na2Si3O7(aq) + NaOH(aq) –25°C Gel –25-175°C, hydrothermal NawAlxSiyOz
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Use of zeolites

Dehydrating agents
•Heating a zeolite (e.g 
Zeolite A) under vacuum 
can dehydrate the 
structure, which changes 
the cation position (lower 
CN), and the zeolite can 
absorb water to get back 
to the preferred hydrated 
state.

Ion exchangers
•Cations Mn+ in zeolite will 
exchange with others in 
solution (e.g. Na+

exhange with Ca2+ from 
hard water)
•Radioactive waste 
cleanup

Adsorbents
Zeolites have a highly specific sieving ability that can be used for 
purification and separation
•fine tune (e.g. change cation, change Si:Al) the pore opening to 
allow adsorption of specific molecules 

Table 7.2

Increase in Si:Al
•Slightly decrease the 
unit cell and cavity 
size
•Decrease the number 
of cations, freeing the 
channels
•Create a more 
hydrophobic zeolite

•Remove organic 
molecules from 
aqueous solutions 
(toxin removal, 
nonalcoholic 
beverages, 
decaffeination of 
coffee)
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Effect of Ca2+ exchange for Na+ in Zeolite A

Zeolites as catalysts

Fig 7.17

Bronsted and Lewis acid sites
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Reactant shape-selective catalysis

Dehydration reactions

a iso-butanol Ca-zeolite X

b n-butanol Ca-zeolite X

c n-butanol Ca-zeolite A

d iso-butanol Ca-zeolite A

Pore size:

Zeolite A  410 pm
Zeolite X  740 pm 

iso-butanol n-butanol 

sec-butanol tert-butanol 
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Product shape-selective catalysis

Transition-state shape-selective catalysis
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Mesoporous alumino silicate structures

MCM-41

• Highly ordered hexagonal array of uniformly 
size mesopores

• Prepare by a templating technique by forming 
the silicate or aluminosilicate around an 
assembly of molecules known as a micelle.

• Might use cationic long-chain alkyl 
trimethhylammonium surfactants (e.g. 
[CH3(CH2)nCH3)3N+]X-) where the hydrophobic 
tails clustering together inside the rods and the 
cationic heads forming on the outside.

• Under hydrothermal conditions, the 
mesoporous structure precipitates out of the 
solution.

• Calcination (700 °C) removes the organic 
template and produces the mesoporous solid.1200 m2/g

Mesoporous alumino silicate structures with functional groups
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Formation of polyaniline in MCM-41

Metal Organic Framework

Zn4O(BDC)3 (MOF-5)  where BDC2- =1,4-benzenedicarboxylate
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Smectite clay

Pillars in smectite clay
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Necefoglu, H. Crystal Engineering 6, 2003, 153-166. Crystallographic patterns in 
nature and Turkish art.


