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Å Design : molecules are constructed from a data 

base of fragments with fragment additions being 

assessed by a cost function. (ZEBEDDE1). 

  Fragments: methane, ethane, propane, 

cyclohexane, phenyl, 5-rings etc. 

 

Template design 

1. D.W.Lewis, D.J.Willock, C.R.A.Catlow, G.J.Hutchings and J.M.Thomas, 

Nature, 382, No 6592, 604, (1996). 

Å The cost function is the steric match between the template and the target 

zeolite. This was originally a simple sum of close contact distances but now the 

interaction system energy. 

Å Structures of promising candidates are geometry optimised. 



ÅShake: The template is displaced along a random vector with 

respect to the host. 

ÅRock: The template is randomly rotated as a rigid body. 

ÅBond twist: A randomly selected bond joining fragments in the 

template is rotated. 

 

ÅBuild: A new fragment is randomly selected from a library and 

is added to the existing template. 

Test only after further ñmovesò. 

ñtest probability~0.5%ò 
 

ÅRing formation: Atoms which are nth order neighbours and are 

within a cutoff distance are joined, forming a ring. 

Under the control of the cost function new potential templates are 

grown within the target framework by randomly selected actions: 
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Test of random sampling 

Building up from methane 

in an empty cell. 



7118 sampled molecules in 5 batches, error bars from batch-batch standard deviation. 

 

Blue : Zebedde samples, Red: expected. 

C4H6 C5H7 

C6H8 C7H9 

2038 



D.W.Lewis, D.J.Willock, C.R.A.Catlow, G.J.Hutchings and J.M.Thomas,  

Nature, 382, No 6592, 604, (1996). 

Template design 

D.W.Lewis, G.Sankar, J.Wyles, D.J.Willock, C.R.A.Catlow & J.M.Thomas. 

Angew.Chem.Int., 36, 2675, (1997) 
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symmetry 

Docking known template:  

Dibenzyldimethylamonium 

Rigid molecule with shape 

complementary to side pocket. 

Interaction between templates 

destabilises the packing by around 

1.4 kcal mol-1 

Known template for EU-1 
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1. Cox and co-workers, Farad Trans, 92, 2065, (1996). 
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MC accepted step 

During a building 

run the total 

energy of the 

system tends to 

jump when new 

fragments are 

added. 

So MC test for 

build events uses 

only the 

interaction 

component of the 

energy. 

Energy terms 
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Error bars = MC standard deviations 

Combination of seeds & 

builds generates many 

structures: 

50 seedings with HC6D5  

5Ĭ104 MC trials, 

Gave 146 structures. 

Ranked by interaction 

energy opposite.  
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Test Case: Styrene 

HA

HA
HB

HB

HB

HA and HB defined to give chain growth.  

 

Phenyl H atoms labelled H simply ignored. 

 

Structure forms twisting chain with helical 

portions. 

35 monomer units in 30 Å Cube  

However, density is low, 0.23 g cm-3. 

Density known to be around 1 g cm-3 



Growth of third chain 
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Iteration, ( 106 attempts) 

Now build steps often lead to 

increases in energy so that peaks and 

tails are seen after builds. 

New chain 17 monomer units long. 

0.38 g cm-3 



Jun-Young Lee, Colin D. Wood, Darren Bradshaw, Matthew J. Rosseinsky and Andrew I. Cooper,  

Chem. Commun., 2006, 2670ï2672 
 

Polymer networks for H2 storage applications 

10Å 

large pore MOF 

hypercrosslinked polymer 
activated carbon 

Use of H2 in fuel cell powered vehicles 

will require on board storage of the fuel. 

 

US Department of Energy has set a target 

of 6.5 wt.% sorption by mass for a usable 

H2 storage device. 



A. Trewin, D. J. Willock and A. L. Cooper, J. Phys. Chem. C, 112, 20549, (2008) 
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Amorphous Microporous Polymer Network 

Self condensation of  

poly-dichloroxylene (p-DCX). 

 

NMR suggests very few tetra-

substituted phenyl rings. 

 

Build rule: 

C-HA can join to C-HB only. 

Once new bond formed H atoms 

in ring and methyl involved are 

deactivated. 



A. Trewin, D. J. Willock and A. L. Cooper, J. Phys. Chem. C, 112, 20549, (2008) 

1. Lochan et al., PCCP, 8, 1357, (2006), Hubner & Klopper, J.Phys.Chem.A, 111, 2426, (2007).   

Amorphous Microporous Polymer Network 

Solvent 

accessible 

surface 

Msrd dens. 0.78 g cm-3 

H2 uptake modelling 

H2 é benzene this method -1.8 kJ mol-1 
1Correlated QM, -3.8 to -5.0 kJ mol-1 
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Node-struts: Covalent Triazine-based Frameworks (CTFs) 

A. I. Cooper and co-workers, Advanced Materials, 24, 2357, (2012). 

Mn + triazine 
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CF3SO3H 

Microwaves 
Pn 

Triazine will polymerise with 

molecules containing cyano groups 

in the presence of strong acids. 

Microwave heating is thought to 

increase the reversibility of bond 

formation and so allow access to the 

thermodynamic product. 



Simulation protocol: 

C. Reece, D.J. Willock and A. Trewin, 

Phys. Chem. Chem. Phys., 17 (2), 817ï823, (2015).  
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Zebedde run: (24 hrs) 

5x106 move/modification attempts. 

prob. test 0.5 % 

rock step 30Á 

Build 50,  Shake/Rock/Twist 100. 

PCFF forcefield. 

3 - 18 seed molecules,  

50 Å cubic simulation repeat unit. 

output: Insight car file converted to dl_poly CONFIG & FIELD files using dlpoly_prep. 

 

dl_poly run: NVE ensemble, 300K, 50 ps equilib. + 1 ns production dynamics. (8 hrs) 

 

Typical system size produced:  105 triazines, 28 kDa ( 3 networks ). 



 

P1 Forms planar sheets with hexagonal ordering: 

 

P3 Forms 3-D network: 

g(r) 

 P3 

r / nm 

M1: M3: 


