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Research	
  themes	
  

•  Computa'onal	
  chemistry	
  
(classical	
  versus	
  quantum)	
  

•  SoG	
  maHer	
  

•  Coarse-­‐grained	
  modelling	
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Survey	
  of	
  projects	
  

curved	
  surfaces	
   knots	
   percola'on	
  

gels	
   self	
  assembly	
   bio-­‐inspired	
  



1.	
  Molecular	
  Simula/on	
  

Energe'c	
  
interac'ons	
  

General	
  laws	
  
of	
  physics	
  

Complex	
  physical	
  and	
  
chemical	
  behaviour	
  +	
  

e.g.	
  Newton’s	
  laws	
   •  Freezing	
  
•  Boiling	
  
•  Viscosity	
  
•  Solvent	
  proper'es	
  
•  +	
  much	
  more	
  

chemical	
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Molecular	
  Simula'ons	
  [cont.]	
  

•  Configura'on	
  X	
  of	
  N	
  atoms:	
  

•  Poten'al	
  energy:	
  3N-­‐dimensional	
  scalar	
  field	
  

•  Equilibrium	
  sta's'cal	
  weight	
  	
  	
  

	
  

V (X)

R3N

O	
  
H	
  

H	
  

O
	
  

H	
  
H	
  

unphysical	
  
configura'ons	
  

(very	
  high	
  energy)	
  

⇢eqm(X) / e�V (X)/kT

•  Only	
  a	
  'ny	
  frac'on	
  of	
  configura'on	
  space	
  is	
  relevant	
  
•  Must	
  navigate	
  correctly:	
  

•  and	
  efficiently:	
  

Â⇢eqm = ⇢eqm
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Ân⇢ = ⇢eqm



2.	
  A	
  Constrained	
  Op/misa/on	
  

•  Addressable	
  self-­‐assembly	
  
–  Spontaneous	
  forma'on	
  of	
  a	
  target	
  structure	
  
–  All	
  components	
  of	
  target	
  are	
  unique	
  

•  Possible	
  obstacles	
  
–  Incorrect	
  fragments	
  (wrong	
  partners	
  bind)	
  
– Mul'ple	
  correct	
  fragments	
  compete	
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A	
  Constrained	
  Op'misa'on	
  [cont.]	
  

•  How	
  frustrated	
  are	
  a	
  given	
  
set	
  of	
  fragments?	
  

•  Combine	
  into	
  largest	
  
possible	
  sets:	
  
–  using	
  each	
  fragment	
  no	
  more	
  
than	
  once	
  

–  with	
  no	
  repeats	
  of	
  a	
  given	
  
component	
  in	
  a	
  set	
  

•  Constrained	
  integer	
  
op'misa'on	
  

•  Quan'fy	
  “completability”	
  



3.	
  Topological	
  Invariants	
  

•  Knots	
  and	
  links	
  
–  Iden'fica'on	
  by	
  topological	
  invariants	
  
–  Polynomial	
  invariants:	
  Jones,	
  HOMFLY…	
  

•  KnoHed	
  clusters	
  
–  Energy	
  op'misa'on	
  
–  Rearrangement	
  pathways	
   10124	
  

torus	
  knot	
  

V (t) = t+ t3 � t4
trefoil	
  knot	
  



Topological	
  Invariants	
  [cont.]	
  

•  KnoHed	
  proteins	
  
–  Closure	
  needed	
  for	
  open	
  chain	
  

•  Bonding	
  networks	
  
–  Topological	
  invariants	
  of	
  (branched)	
  graphs	
  
–  Yamada	
  polynomial	
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