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What are zeolites?What are zeolites?What are zeolites?What are zeolites?
Si

O
AlZeolites are minerals, microporous and Zeolites are minerals, microporous and 

crystalline, made of aluminium and silicon.crystalline, made of aluminium and silicon.
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Pollution control

Fuel problem
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ObjectiveObjectiveObjectiveObjective

Analyse theAnalyse theAnalyse the Analyse the 
mechanism of selfmechanism of self--
assembly in the assembly in the 
zeolite synthesis.zeolite synthesis.



Zeolite synthesisZeolite synthesisZeolite synthesisZeolite synthesis

Raw 
material

Minutes – days, 80°C-200°C, Very alkaline



The methodThe methodThe methodThe method
Gas phase

Computational Quantum Chemistry

Optimization
Nonlocal DFT, BLYP/DNP
Full optimization without symmetry
Convergence criteria: Energy 1 mHartree

2

SolvationSimulated annealing
Local DFT PWC/Min

Convergence criteria: Energy, 1 mHartree
Gradient, 100 mHartree/Bohr
Displacement, 100 mBohr1

Local DFT PWC/Min
Molecular Dynamics
Tmax=700 K
T = 1016.4 fs

Statistical Mechanics 34
Solvation optimization
(COSMO)
Nonlocal DFT, BLYP/DNP

Statistical Mechanics
Calculation of 
Thermodynamic properties
G = (E+ZPE+Et,v,r) - TS

34



ResultsResultsResultsResults

Method AccuracyMethod Accuracy

Rings vs ChainsRings vs Chains

Ring specificityRing specificity

Physical interactionsPhysical interactions
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Explicit water, cation and COSMO
Experiment
R. K. Iler, 1979.
J. Seffik, A. V. McCormick, 1997
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autoprotolysis
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monomer 2nd 
deprotonation

dimer 1st 
deprotonation

dimer 2nd 
deprotonation

dimerization



ChainsChains vsvs ringsrings
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Which ring?Which ring?gg
Why are some of the cyclic species Why are some of the cyclic species 

found in solution not in the final found in solution not in the final 

4-ring
6-ring 5-ringcrystal?crystal?

MFIAFI MELAFI

AST
C. T. G. Knight, S. D. Kinrade, J. Phys. Chem. B. 2002.

BEA

AST

4-ring

4-ring
g y



55--ringring55 ringring

Actual Zeolite MFI

Model



Explaining solubilityExplaining solubility



ConclusionsConclusionsConclusionsConclusions
Theoretical methods reproduce experimental Theoretical methods reproduce experimental 
results accurately.results accurately.
Ring formation more favourable than linear, Ring formation more favourable than linear, 
depending free energy and alkalinity.depending free energy and alkalinity.
Type of ring structure formed during zeolite Type of ring structure formed during zeolite 
nucleation dependent on alkalinity and nucleation dependent on alkalinity and 
temperature. temperature. 
C t ti l h d l litC t ti l h d l litComputational approach models zeolite Computational approach models zeolite 
nucleation reliably.nucleation reliably.
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