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Silicates and zeolites
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Silicates

wt. % in earth crust:
O: 47 %

Si: 28 %

Al: 5 %

Fe: 5 %

Ca: 3.5 %

Na: 2.8 %

K: 2.6 %

Mg: 2 %

.....

silicates and
aluminosilicates

but... a very large variety of structures!...

the basic structural unit: SiO4
4-

NESOSILICATES

SOROSILICATES

CYCLOSILICATES

INOSILICATES

PHYLLOSILICATES

TECTOSILICATES

χ(Al) ~ χ(Si)

r(Al3+)/r(O2-) ~0.43

CN(Al): 4 or 6!

linked by vertices (only...)



4

Neso- and sorosilicates

«isolated» SiO4
4- units: nesosilicates

Mg2+ , Fe2+
Mg2SiO4: Forsterite

(Mg,Fe)2SiO4: Olivine

other examples: garnets, 
Portland cement...

«isolated» Si2O7
6- units: sorosilicates

Sc2(Si2O7): Thortveitite

Zn4(Si2O7)(OH)2,H2O: Hemimorphite

other units (rare!): Si3O10
8-, Si4O13

10-

SiO2, Ag2O, T ~ 600°C, P(O2) ~ 4.5 kBar

Ag10(Si4O13)X3Y2(SiO4)3



5

Cyclosilicates

Cycles including 3, 4, 6 or 8 silicate units: (SinO3n)2n- (n = 3, 4, 6, 8)

Si6O18
12-

Be3Al2Si6O18: Beryl
or...emerald!

(Na,Ca)(Li,Mg,Al)3(Al,Fe,Mn)6(OH)4(BO3)3Si6O18: Tourmaline

shared vertex



6

Inosilicates

(SiO3)2-

pyroxenes

(Si4O11)6-

amphiboles

properties of fibers
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Phyllosilicates

but also...clays! (intercalation of water molecules)

(montmorillonite...)
plastic properties
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Tectosilicates

(SiO2)n or (Si,Al,C+)nO2n

silica

Feldspaths

zeolites

Si

porosity?

a typical zeolite structure

Si Si
OAl

Feldspath (plagioclase)
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Hierarchical porosity

porous materials

zeolites MCM foams

nanoporous
ø < 2 nm

mesoporous
2 < ø < 50 nm

macroporous
50 nm < ø
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Zeolites

dicovered by Baron A. Von Kronstedt

(1756)

Mx [ (AlO2)y (SiO2)z ], mH2O

■ exchangeable cations

(neutrality)

■ rigid anionic networks

■ cavities and channels

■ guest molecules (water...)

ZEO: to boil

LITHOS: stone

official journal of the
international zeolite association

characteristics...
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Natural zeolites

Faujasite

~ 40 natural zeolites

Natrolite

Anacilme
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The sodalite cage

Sodalite, a mineral: Na8Al6Si6O24Cl2

octahedron

the sodalite entity

24 linked tetrahedra
(Si or Al)

Sodalite (mineral)

Lapis-lazuli

Linde-A (synthetic)

Faujasite (mineral)

NaCa1.5(Al2Si5O14).10H2Otruncated octahedron
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Some characteristics of zeolites

A- the Si/Al ratio

Linde-A: Si/Al =1

Mordenite (mineral): Si/Al = 5.5

ZSM: 20 < Si/Al < ∞! (hydrophobic)

B- exchangeable cations

various accessible sites

C- cavities and tunnels

Zeolithe tetrahedra Ø (pm)

Sodalite 4 260
Linde-A 8 410
ZSM-5 10 510 × 560
Faujasite 12 740
Mordenite 12 670 × 700



14

Synthetic zeolites: the ZSM family

ZSM-5

Zeolite Socony Mobil (~ 1975)

«Pentasil» unit 

(five-membered rings)

chains

planes ZSM-5 ZSM-11

3D architecture

ZSM-18
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Interconnected channels: structural dependence

ZSM-5

Faujasite
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More and more porosity!

~ 200 synthetic zeolites!
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Classification of zeolites

Si P(Si,P)

EDI

EDI
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Secondary Building Units (SBU)

CH3

CH3

3 (S3R) 4 (S4R) 6 (S6R) 8 (S8R)

Spiro- 5 4-4 (D4R) 6-6 (D6R) 8-8 (D8R)

4-1 4=1 4-2 4-4=1

5-1 5-2 5-3

6-2 2-6-2 6≡1

D4R type SBU

ACO type
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Mimicking SBU: Al-O-P clusters

AlCl3 ou
AlBr3

EtOH EtOH ou nBuOHEtOH iPrOH ou sBuOH

P

Al
Al

P

P

O

OH
OH

OH
P

O

Φ
OH

OH
P

O

Φ
H

OH

Nom de la
structure
de coeur

Cube Panier Bipanier Cycle

*

AlCl3,AlBr3

EDI type

CH3

CH3

3 (S3R) 4 (S4R) 6 (S6R) 8 (S8R)

Spiro- 5 4-4 (D4R) 6-6 (D6R) 8-8 (D8R)

4-1 4=1 4-2 4-4=1

5-1 5-2 5-3

6-2 2-6-2 6≡1

T. Azaïs
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Cluster structures

Al1

O9

C17

C11

C12

O2

O1

O15
O12

O18

C16

C20BC19A
C13

C14

C7C8

C6

C5C4

C3

P1

P2

Al1

Al3

Al2

P1

S4R

D4R

4=1
new!

Al

P

T. Azaïs, Paris 6
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Exotic solid state NMR: 1H and 35Cl

P1 Al1

Cl1

O1

O2

O3

O4

O5

C42
C4

C32
C3

C22

O6

C2O7

C12

C1
O8

(ppm)
-16-12-8-40481216202428

600 35 P-OH
OH

CH2

CH3

300 

500 14 

14 

ωr/2π
(kHz)

ν1H
(MHz)

LW = 330Hz ζm

Bo

••••BR-24 ••••1H
2.14 kHz

-8-404812
(ppm)

HOCH2CH3

P-OH

SIMPSON:

CT and sat.

• 2d order

• finite pulses

-2000-1000010002000
(ppm)

Exp

Sim

CQ = 5.86 MHz
ηQ = 0.96
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Synthesis of zeolites: general approach

solution of silicates and aluminates 
(high pH)

co-condensation: gel

templating agent

hydrothermal condition 
( T, P )

characterization (XRD..)

OH- or F-
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The zeolite web site: www.iza-structure.org

Welcome to the
Database of Zeolite Structures

■ Atlas of Zeolite Framework Types

■ Catalog of Disordered Zeolite Structures

■ PDF Files of IZA Publications

■ Collection of Simulated XRD

■ Powder Patterns of Zeolites

…

|N8C42.656| [Al25Zn7P32O128]

Tetramethylammonium ZAPO-M1 
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Applications
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Molecular sieves

the concept...

cationic exchange (89%)

separation (3%)catalysis (8%)

keywords:
■ adsorption

■ ion or molecule exchange

■ substances removal

■ catalysis
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toluene

Catalysis

zeolite Y

kerosene
residuals

distillated
compounds naphtha
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A key concept: zeolite acidity
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Metal Organic Frameworks (MOFs)

porous hybrid organic/inorganic solids

inorganic SBU’s linked by organic bridges

O. M. Yaghi, G. Férey (~ 2000)

some organic ligands...
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An example

+
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organic links

inorganic vertices (Zn4)

Crystal «sponges» - MOF-5

d ~ 20 Å

S ~ 3000 m2.g-1 (?)

cell > 700.000 Å3
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Storage of CH4, CO2, H2

MOF-177

1 container with MOF-177 ~ 9 empty containers 

other applications...

◊ drug delivery

◊ magnetic properties

◊ rare earths and luminescence...



32

Mesoporous materials
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Hierarchical porosity

porous materials

zeolites MCM foams

nanoporous
ø < 2 nm

mesoporous
2 < ø < 50 nm

macroporous
50 nm < ø
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1992: «the» breakthrough!

citations: 5367!
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The chemical nature of surfactant

CTAB

monolayer
C > CMC

monomer
C < CMC micelle

C > CMC

denotes hydrophilic portion

denotes hydrophobic portion
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Block copolymers

j
CH3

O
OHBrij :

O

CH3

O
OH O H

n                       m                      n
Pluronics :
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Mesoporous materials
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Mesoporous silica and other oxides

pores from 2 to 50 nm

ordered network of pores

hydrolysis of TEOS

SiO2

Al2O3

Boissière, Chem. Mater., 2006
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Applications
towards a new chemistry...

L. Nicole, J. Mater. Chem., 2005

post-functionalisation

mesophase formation
template removal

functional group

grafting group

mesophase formation

template removal

template (surfactant)pre-functionalisation

functional alkoxide
◊ thin films

◊ surface grafting

◊ polymer hybrids

◊ nanocasting

◊ bioencapsulation

◊ adsorption applications

◊ sensors, photoresponse

◊ ...

◊ organic functionalized silicas

sensors with optical detection

M=UO2
2+
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Drug delivery


