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Announcements	  
§ HW2	  posted,	  due	  M	  Feb/22	  
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Recap:	  intermolecular	  and	  surface	  forces	  
§ ElectrostaMc/polarizaMon	  interacMons	  cause	  intermolecular	  
forces,	  at	  length	  scales	  of	  1-‐100	  nm	  (short-‐long	  range)	  

§ We	  can	  calculate	  forces	  between	  solid	  bodies	  by	  summing	  
pairwise	  interacMon	  potenMals,	  e.g.,	  for	  van	  der	  Waals	  
forces	  using	  the	  Lennard-‐Jones	  potenMal	  

§ These	  forces	  pracMcally	  govern	  adhesion,	  local	  deformaMon,	  
and	  assembly	  of	  nanostructures	  

Hertel	  et	  al.,	  Physical	  Review	  B	  58(20):13870,	  1998.	  
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VDW	  energies	  for	  regular	  geometries	  
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Adhesion	  scaling	  in	  nature	  

Artl	  et	  al.,	  PNAS	  100(19):10603-‐10606,	  2003.	  
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Synthe8c	  gecko	  adhesives	  

Ge	  et	  al.,	  PNAS	  104(26):10792-‐10795,	  2007.	  
Zeng	  et	  al.,	  Langmuir	  25(13):7486–7495,	  2009.	  
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Today’s	  agenda	  
§ DefiniMon	  of	  surface	  energy	  and	  work	  of	  adhesion	  
§ Thermodynamic	  model	  of	  melMng	  point	  decrease	  
(suppression)	  of	  nanoparMcles	  

§ GeneralizaMon	  to	  different	  geometries	  
§ Design	  of	  non-‐wegng	  surfaces	  
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Today’s	  readings	  
Nominal:	  (on	  ctools)	  
§ Couchman	  and	  Jesser,	  “Thermodynamic	  theory	  of	  size	  
dependence	  of	  melMng	  temperature	  in	  metals”	  

§ Goldstein	  et	  al.,	  “MelMng	  in	  semiconductor	  nanocrystals”	  
§ Tuteja	  et	  al.,	  “Design	  parameters	  for	  superhydrophobicity	  
and	  superoleophobicity”	  
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Surface	  energy	  (γ)	  
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Surface	  energy	  across	  the	  periodic	  table	  
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Model	  of	  nanopar8cle	  mel8ng	  

Assump8ons:	  	  
§ 	  Spherical	  parMcle	  
§ 	  MelMng	  begins	  at	  parMcle	  surface,	  with	  uniform	  liquid	  layer	  
§ 	  No	  volume	  or	  density	  changes	  
§ 	  FloaMng	  (no	  surrounding/substrate	  effects)	  
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Fit	  of	  thermodynamic	  theory	  to	  data	  	  
(Indium)	  

Couchman	  et	  al.,	  Nature	  269:481,	  1977.	  
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Is	  the	  catalyst	  solid	  or	  liquid?	  

Moisala	  et	  al.,	  J.	  Phys.	  Cond.	  Ma..	  15:S3011,	  2003.	  

Catalyst	  (Ni) CNT
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Watching	  quantum	  dots	  melt	  

Goldstein	  et	  al.,	  Science	  256:1425,	  1992.	  
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Magic	  numbers	  are	  more	  stable	  (Na)	  

Schmidt	  et	  al.,	  Nature	  393:238,	  1998.	  
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Dimensionality	  effect:	  wires	  vs.	  spheres	  

Gulseren	  et	  al.,	  Phys.	  Rev.	  B.	  51(11):7337,	  1995.	  
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Hydrophilic	  or	  hydrophobic?	  (see	  videos)	  

Courtesy	  of	  Hyungwoo	  Lee,	  MIT	  
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We;ng	  
§ Wegng	  is	  the	  ability	  of	  a	  liquid	  to	  maintain	  contact	  with	  a	  
solid	  surface,	  resulMng	  from	  intermolecular	  interacMons	  
when	  the	  liquid	  and	  solid	  are	  brought	  together	  

§ Thus,	  the	  degree	  of	  wegng	  is	  determined	  by	  a	  force	  
balance	  between	  adhesive	  and	  cohesive	  forces	  

	  
§  Liquids	  more	  frequently	  wet	  solids	  having	  high	  surface	  
energy	  (i.e.,	  strongly	  bonded	  solids)	  than	  solids	  with	  low	  
surface	  energy	  (i.e.,	  VDW	  solids).	  	  It’s	  pracMcally	  difficult	  
to	  prevent	  low	  surface	  energy	  liquids	  from	  wegng	  solids.	  
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Textured	  surfaces:	  Cassie	  and	  Wenzel	  states	  

	  	  Droplet	  condensa8on	  and	  growth	  in	  ESEM	  

Advancing	  and	  receding	  
contact	  angles	  –mul8ple	  
stable	  contact	  angles	  

Nosonovsky	  and	  Bhusan,	  Nano	  LeEers	  	  7(9):2633-‐2637,	  2007.	  
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Superhydrophobicity:	  petal	  and	  lotus	  effects	  
§ Rose	  petals	  and	  lotus	  leaves	  are	  both	  superhydrophobic;	  
however,	  droplets	  roll	  off	  lotus	  leaves	  but	  do	  not	  roll	  off	  
rose	  petals	  

Feng	  et	  al.,	  Langmuir	  24(8):4114-‐4119,	  2008.	  
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Texture	  +	  chemistry:	  PTFE-‐coated	  CNT	  forest	  
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Apparent	  contact	  angle	  of	  microstructures	  

Tuteja	  et	  al.,	  MRS	  BulleMn	  33:752-‐758,	  2008.	  
Tuteja	  et	  al.,	  PNAS	  105(47):18200-‐18205,	  2008.	  


