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The	
  materials	
  that	
  we	
  depend	
  on	
  rely	
  upon	
  ever-­‐increasing	
  structural	
  complexity	
  for	
  their	
  function.	
  
Designing	
  complex	
  materials	
  for	
  these	
  devices	
  through	
  the	
  art	
  of	
  chemical	
  synthesis	
  brings	
  challenges	
  and	
  
opportunities.	
  The	
  use	
  of	
  chemical	
  self-­‐assembly	
  as	
  a	
  synthetic	
  technique	
  can	
  simplify	
  materials	
  preparation	
  
by	
  shifting	
  intellectual	
  effort	
  away	
  from	
  designing	
  molecules,	
  and	
  towards	
  the	
  design	
  of	
  chemical	
  systems	
  
that	
  are	
  capable	
  of	
  self-­‐assembling	
  in	
  such	
  a	
  way	
  as	
  to	
  express	
  the	
  desired	
  materials	
  properties.	
  This	
  talk	
  will	
  
focus	
  upon	
  the	
  design	
  of	
  self-­‐assembly	
  processes	
  that	
  can	
  bring	
  together	
  simple,	
  organic	
  molecules	
  and	
  
first-­‐row	
  transition-­‐metal	
  ions	
  into	
  complex,	
  functional	
  structures.	
  Below	
  are	
  shown	
  the	
  subcomponent	
  
precursors	
  and	
  crystal	
  structures	
  of	
  three	
  of	
  these	
  products:	
  FeII8	
  cubic	
  cage	
  1,

[1]	
  FeII4	
  tetrahedral	
  cage	
  2,
[2]	
  

and	
  white-­‐light	
  electroluminescent	
  CuIn	
  double-­‐helical	
  polymer	
  3.[3]	
  	
  	
  
	
  

	
   	
  
	
  

	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
   	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
   	
  

	
  

Each	
  of	
  these	
  products	
  was	
  prepared	
  simply	
  by	
  mixing	
  the	
  precursors	
  shown	
  in	
  water.	
  Although	
  the	
  starting	
  
materials	
   employed	
   are	
   simple,	
   a	
   complex	
   understanding	
   is	
   required	
   of	
   the	
   selectivities	
   of	
   the	
   reversible	
  
bond-­‐forming	
  reactions	
  and	
  second-­‐order	
  interactions	
  between	
  subcomponents.	
  Structural	
  complexity	
  may	
  
enable	
  novel	
  function;	
  for	
  example,	
  cube	
  1	
  will	
  selectively	
  bind	
  to	
  higher	
  fullerenes,	
  enabling	
  their	
  extraction	
  
from	
   fullerene	
   soot,[1]	
   cage	
  2	
   is	
   capable	
   of	
   rendering	
   air-­‐stable	
  white	
   phosphorus	
   (P4),	
  which	
   is	
   ordinarily	
  
pyrophoric,[2]	
  and	
  photoluminescent	
  polymers	
  that	
  gel	
  organic	
  solvents	
  as	
  the	
  temperature	
  is	
  raised[4]	
  have	
  
been	
  prepared	
  using	
  the	
  ideas	
  that	
  underpin	
  3.	
  	
  
	
   If	
   the	
   rules	
  underlying	
  a	
   self-­‐assembly	
  process	
  are	
  well	
  understood,	
   these	
   rules	
  may	
  allow	
   the	
  parallel	
  
preparation	
   of	
   multiple	
   structures	
   at	
   once,	
   or	
   the	
   transformation	
   of	
   structures	
   in	
   complex	
   ways.[5]	
   Our	
  
techniques	
  thus	
  allow	
  entry	
  into	
  the	
  emerging	
  field	
  of	
  systems	
  chemistry.[6]	
  One	
  recent	
  example	
  is	
  a	
  M10L15	
  
pentagonal	
  prism	
  4,	
  shown	
  at	
  right,	
  which	
  forms	
  part	
  of	
  a	
  chemical	
  network	
  that	
  behaves	
  differently	
  under	
  
the	
   influences	
  of	
  different	
  chemical	
   signals.[7]	
   This	
  prism	
   is	
   formed	
   through	
  
the	
  action	
  of	
  hexafluorophosphate	
  template	
  ions,	
  and	
  it	
  binds	
  tightly	
  to	
  
chloride	
  once	
  formed.	
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