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PLANNED MULTILAYER ASSEMBLIES BY ADSORPTION 

LUCY NETZEF!, RADU ISCOVICI AND J A C O B  SAGIV 
Isotope P.esearch Department, The Weizmann I n s t i t u t e  
of  Science,  Rehovot, I s r a e l  

-- 

Adsorption a t  l i q u i d  s o l i d  i n t e r f a c e s  i s  employed t o  

cons t ruc t  organized mul t i l aye r  s t r u c t u r e s  on p o l a r  s o l i d  

s u b s t r a t e s .  We have r e c e n t l y  demonstrated t h a t  o r i e n t e d  

compact monolayers of  good q u a l i t y  can be obta ined  under 

s u i t a b l e  condi t ions  e i t h e r  by phys i so rp t ion  o r  by chemi- 

so rp t ion ,  us ing  e i t h e r  pure  comnounds as adsorba tes  o r  

mixtures  o f  s e v e r a l  components, and even using mixtures  o f  

both physisorbed and chemisorbed s p e c i e s .  

a t i o n  by adsorp t ion  o f f e r s  c e r t a i n  important  advantages as 

compared with t h e  Lanmuir-Blodgett method; adso rp t ion  i s  

a spontaneous Yrocess lead ing  t o  thermodynamically e q u i l i -  

b ra ted  f i l m  s t r u c t u r e s ,  t h e r e  i s  no mechanical manipula- 

t i o n  o f  t he  films, water  i s  not  ind ispensable  f o r  monolayer 

formation,  monolayer cornnosition and s t r u c t u r e  are u s u a l l y  

dependent on t h e  chemical na tu re  and microscopic  organiza-  

t i o n  of  t h e  s o l i d  s u r f a c e ,  covalen t  b inding  t o  t h e  s u b s t r a t e  

and i n t r a l a y e r  polymerizat ion may take p lace  s imul taneous ly  

with t h e  monolayer formation p rocess ,  t h e r e  a r e  no r e s t r i c -  

t i o n s  regard ing  t h e  macroscopic shape and s i z e  o f  t h e  sub- 

s t r a t e .  However, t h e  adsorp t ion  method has  been so f a r  

shown t o  be s u i t a b l e  only  f o r  formation o f  s i n g l e  mono- 

layers , '  which l imi t ed  seve re ly  i t s  use fu lness  i n  t h e  con- 

s t r u c t i o n  of  mul t i l aye r  assemblies .  

Jqonolayer form- 

I t  i s  t h e  Furpose of t h e  p re sen t  paper  t o  desc r ibe  a 

new monolayer assembling s t r a t e g e y  designed t o  overcome 
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416 L. NETZER, R. ISCOVICI and J. SAGIV 

t h i s  drawback. The key s t e p  i n  t h e  new method c o n s i s t s  i n  

the  chemical a c t i v a t i o n  of  t h e  monolayer coated s o l i d  su r -  

face  i n  order  t o  introduce p o l a r  s i t e s  f o r  t h e  anchoring o f  

an add i t iona l  monolayer on t o p  o f  t h e  a c t i v a t e d  one. 

a c t i v a t i o n  i s  achieved using b i func t iona l  s u r f a c t a n t s  pro- 

vided with a terminal  non p o l a r  func t ion  t h a t  may be chem- 

i c a l l y  modified i n t o  a p o l a r  group dur ing  t h e  a c t i v a t i o n  

s t e p .  A mul t i l aye r  f i l m  is  thus  cons t ruc ted  by r e p e t i t i o n  

o f  a two s t eps  sequence involving adsorp t ion  (chemisorption) 

followed by chemical a c t i v a t i o n  o f  t h e  su r face ,  f o r  each 

deposi ted monolayer (see Scheme 1 ) .  

The 

Surface ’4 ”;: Adsorption & modification chemical u- 
b 

Silone Solution Solid Substrote Solid Substrate  

3 non-polar  functional- 

hydrocarbon choin- 

p o l a r  “head“ - group 

L e g e n d  

Adsorption 

Solid S u b s t r a t e  
S c h e m e  1 

SCHEME 1. Schematic r ep resen ta t ion  o f  t he  s tepwise 

formation o f  an adsorbed mul t i l aye r  f i l m .  

Formation of  adsorbed mult i  l aye r  films o f  a model b i func t ion -  

a l  s u r f a c t a n t ,  CH2 = CH-(CH,),,-SiC13 (15-Hexadecenyl- 

t r i ch , lo ro - s i l ane ,  HTS), has  been s t u d i e d  using contac t  

angle  measurements, e l l ipsometry ,  and i n f r a r e d  i n t e r n a l  

and ex te rna l  mul t ip le  r e f l e c t i o n  sDectroscopy. ‘ The 
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PLANNED MULTLAYER ASSEMBLIES BY ADSORPTION 417 

monolayer-to-surface and monolayer-to-monolayer binding 

was r e a l i z e d  through formation o f  covalen t  s i l oxane  

(0-Si-0) b r idges ,  and t h e  exposed monolayer s u r f a c e  was 

a c t i v a t e d  by ox ida t ion  o f  t h e  v i n y l i c  groups t o  te rmina l  

hydroxy 1 s . 
Our p resen t  r e s u l t s  demonstrate t h a t  a molecular  

spontaneous organiza t ion  process  combined with a s u i t a b l e  

chemical. t r i g g e r i n g  procedure may r e s u l t  i n t o  a c o n t r o l l -  

ab l e  route  t o  the  syn thes i s  o f  an a r t i f i c i a l  supe r  molecu- 

l a r  o rgan iza t e .  

expected t o  l ead  t o  i n t e r e s t i n g  developments i n  t h e  f i e l d  

of  monolayer assemblies  as wel l  as i n  o t h e r  r e l a t e d  areas 

of s o l i d  s t a t e  chemistry.  

The f e a s i b i l i t y  of t h i s  new approach i s  
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