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Abs t rac t - ' l ' h i s  papc r  dcsc r ibcs  the  p repara t ion  and  wc t t i ng  p ropc r t i cs  o f  t uo -co r .nponcn t  sc l l -
asscn tb le -d  mono lavc rs  (SAMs)  ob ta incd  hv  the  compc t i t i vc  a i l so rp t i on  o l ' onc  shor t - cha in
( H S ( C H r ) r , , S h )  a n d  o n c  l o n g - c h a i n  ( H S ( ( ' H : ) : , 1 - g )  a l k a n e t h i o l  o n t o  g o l c i  l ' r o m  c l i l u t c  c t h a n o l i c
so lu t i ons .  The ' fou r  poss ib l c  comb ina t ions  o l  t hc  ta i l  g roups  CH,  anc l  CH. ( )H  wcrc  i nves t iga ted :
S h  -  C H r / L g  -  C H . O H .  S h  :  C H . O H / L g :  C H . .  S h  :  ( ' H . O H / L g :  C H . O H .  a n d  S h  :  C ' l  I . / L u :  C ' H , .
The  compos i t i o t - t s  o f  t hcsc  SAMs a rc  no t  thc  samc as  thc  c< lmpos i t i ons  o l  t hc  so lu t i ons  I rom rvh ich
they  we ' re  fo rmed .  A l though  thc  r c la t i onsh ip  bc tw 'cen  the  compos i t i on  o l ' t hc  SAM and  thc

compos i t i on  < l f  t he  so lu t i on  sucges ts  tha t  some phasc  scpara t ion  mav  bc  occur r inq  
" r ' i t h in  

thc  SAM.
con tac t  ang lcs  w i th  wa te r  i t nd  hexadecanc  show tha t  s ign i f i can t  c l i so rc l c r  s t i l l  r cma ins  in  the  in te r -
fac ia l r cg ion .

Kc t 'word .s :  Wc t tab i l i t r ' :  c r ' r t t t pos i t i on :  se l f -asse rnb lcd  mono l i r ve r :  a l kanc th io la l c ;  go ld .  [ \ \ ' o  com-
ponen ts ;  con tac t  ang lc :  c l i s< l r c le r .

I .  INTRODUCTION

In th is paper,  wc descr ibe the adsorpt ion and wett ing propert ies of  two-
component sel f -assembled monolaycrs (SAMs) prepared by the adsorpt ion of
a lkanc th io ls  w i th  d i f fe ren t  leng ths  o f  a lky l  chzr ins-HS(CHr) , / ,Sh  and
H S ( C H r ) , u L g ,  w h c r e  s h :  l 0  a n d  l g : 2 1 ,  a n d  S h  a n d  L g  a r e  e i t h e r  C H , O H  o r
CHr-onto f reshly evaporated gold substrates.  We have studied the four possible
combina t ions  o f  Sh and Lg  (Sh :  CH. , /Lg  :  CH, ,  Sh :  CH, /Lg  :  CH.OH,
Sh:  CH,OH/Lg:  CH. ,  and Sh:  CH. ,OH/Lg:  CH,OH) .  We have descr ibed
some of the detai ls of  these systcms previously [ ,  2 l ;  in th is paper.  we focus on
the composi t ion of  the SAM: i ts dependence on the condi t ions for  adsorpt ion
and i ts ef fect  on the wett ing propert ics.  We introduce this work wi th a br ief
overview of  the arca of  SAMs of  a lkanethiols on gold.  We then discuss the
relat ionship l retween the composi t ion of  the SAM and the composi t ion of  the
solut ion.  In the f inal  sect ion,  we descr ibe some of the wett ing propert ies of  these
tw<l-component SAMs, concentrat ing on the relat ionship between wettabi l i ty
and thc composi t ion of  the SAM.

2. BACKGROUND

Among the many systems current ly avai lable for  the format ion of  sel f -assembled
monolayers [3-14],  SAMs obtained by the adsorpt ion of  a lkanethiols (general

*To whom correspon( lence should l re addressed.
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f o r m u l a  H S ( C H . ) , , X )  o n t o  g o l d  ( a n d ,  p e r h a p s .  o n t o  s i l v e r  t l l .  l 2 l )  a r e  t h e  m o s t
versat i le:  the strength zrnd speci f ic i ty of  the metal-sul fur  interact ion al lows the
in t roduc t ion  o f  many impor tan t  te rmina l  func t iona l  g roups  (X)  in to  the  mono-
layers  i l0 .  l -5 -211.  The h igh ly  o rdered s t ruc tu re  o f  these SAMs has  been
estab l i shed us ing  a  var ie ty  o f  techn iques .  inc lud ing  po la r ized  in f ra red  ex tc rna l
re f l cc tance spec t roscopy  (P IERS)  [9 .  l l .  12 .  15 .221,  e lec t ron  d i f f rac t ion  t23 ] ,
he l ium scat te r ing  [24 ,25 ] ,  X- ray  sca t te r ing  125.261,  scann ing  tunne l ins  and
atomic  fo rce  mic roscc tp ies  [27 ] ,  and sur face  Raman spcc t roscopy  [2S]  (F ig .  l ) ,
mo lecu lz t r  dynamics  ca lcu la t ions  y ie lc l  a  gcncra l  s t ruc tu re  in  asreemcnt  w i th
these techn iques  [29 ] .  The cxper imenta l l r  c lc te rmined s t ruc tu re  exposes  the
termina l  func t iona l  g roups  (X)  a t  the  mono lavcr -a i r  in te r face .  and thus  a l lows
the interfacial  pr t - rpert ies of  the monolzrvcr to be control led by changing X.
Mode l  svs tems based on  these SAMs havc  bccome increas ing ly  impor tan t  in
func lamenta l  s tud ies  o f  e lec t rochemis t rv  t l9 .  301.  p ro te in  adsorp t ion  t201.
X - r a y - i n d u c c d  d a m a g e  t o  o r g a n i c  m a t e r i a l s  [ 3 1 ] .  a n r l  v , ' c t t i n g  1 1 , 2 .  1 0 ,  1 3 .  l 6 -
1 , 3 .  2 0 ,  3 2 - 3 5 1 .

Our  in te res t  in  thesc  SAMs is  bascc l  on  iu r  in tc res t  in  the  phys ica l -o rgan ic
chcmis t ry  o f  o rsan ic  in te r faces .  espec ia l l v  thc  rc lu t ionsh ips  be tween molecu la r
s t r u c t u r e  a n d  w e t t i n g  t l .  2 ,  1 3 ,  l 6 - l s .  1 0 .  . t l l  S A M s  d e r i v e d  f r o m  r h e
adsorpt ion of  a lkanethiols onto gold provic lc l r  ntolccular basis for  sturJies of
wet tab i l i t y .  In  our  inves t iga t ions  o f  the  wet tab i l i t r  o t 'SAMs.  we havc  u t i l i zcd  two
approaches:  fo rmat ion  c t f  s ing le -component  S , \ \ l s  u i th  te rmina l  func t iona l
g r o u p s  o f  v a r i a b l e  h y d r o p h i l i c i t y  [ 0 ,  1 3 .  l 6 - l S .  ] 0 1 .  a n c l  f o r m a r i o n  o f  r w o -
c o m p o n e n t  o r ' m i x e d ' S A M s  1 1 . 2 ,  1 3 ,  1 6 ,  l t t .  l O l  

' l ' h c  
l u t t c r  m c t h o c l  p r o v i d e s  a

greater degree t l f  control  over the propert ies of  thc intcr t ' l rcc.  l rcczrusc the relat ive
concentrat ions of  the two components in the SA\ l  c l rn l - rc l r r l justccl .

When two-component  SAMs are  used to  fo rm sLr r fuccs  o t ' spcc i f  i c  vn 'c t tab i l i t ies ,
two re la t ionsh ips  de termine the  wet tab i l i t r ' :  thc  rc l r r r ionsh i l ' r  be  tween the
wet tab i l i t y  o f  the  sur face  and the  compos i t ion  o f  thc  S .^ \ \1 .  an t l  thc  re ln t ionsh ip

a = 4.078 A

Au (111) .  AUSR
{5x {g R 30 '

F i g u r e  l .  T h e  s t r u c t u r c  o f  a l k a n c t h i o l a t c s  a c l s o r b c d  o n  s o l r l  r l l l t . ' f h i o l a t c s  a r c  a c l s o r b c c l  a t  t h r c e -
fo ld  ho l l ows  on  thc  su r face  fo rm ing  a  commcnsunr tc  \ . 1  r  , -  R -10"  s t ruc tu rc  [23  J6 l .  Thc  a l kv l
chir ins are in t r  t runs z ig-zag arrav ( thc smal l  conccntnl t ion of  gutrche conformcrs is  local izcd ncar
the  ends  o f  the  cha ins  [12 ,21 ,29 ] )  and  a rc  o r ien tec l  a l - rou r  30"  f r cm thc  su r face  no rmer l  [ 9 .  12 .  15 .
221 .  Becausc  o f  th i s  h igh ly  o rdc red  s t ruc tu rc .  t hc  ta i l  s r ( )L rps  (X )  a re  l oca l i zed  a t  rhe  mono lz ryc r -a i r
inter face.
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between the composi t ion of  the SAM and the composi t ion of  the solut ion.  In th is

paper we discuss both of  these relat ionships t ry present ing data for  SAMs

6ei ived from two alkanethiols wi th alkyl  chains of  d i f ferent lengths.  We also

discuss the wett ing resul ts in terms of  the ef fect  of  d isorder in the interfacial

region on the wettabi l i ty  of  these two-component SAMs t  I  .  2,  I  31.

In mixed SAMs containing one long-chain component and one short-chain

component,  the region close to the gold substratc that  is  c lccupied lo int ly by the

short  chains ancl  the corresponding sect ions of  the long chains is wel l  ordered:

the region further awav from the golc l  that  is  occupied only by the remainder of

the long chains is disordered (as long i ls  the components have not phasc

separa ted ;  see  F ig .2 )  t361.  Thc  resu l ts  repor tec l  in  th is  paper  ind ica te  tha t .  under

condi t ions commonly used in forming mixccl  SAMs. there appears to be some

phase separa t ion  o f  the  tuo  c ( )mponr -n ts  in  the  SAM,  bu t  cnough d isorder

remains  to  a f fec t  thc  contac t  ans lcs  t  l .  2 l

We have chosen .r / r  :  l0 ancl  I .g, :  2 l  i r t  our work;  these classes of  th i t l ls  are

synthe t ica l l y  access ib lc  a rnc l  so lu t - r le  i r t  c thano l  a t  m i l l imo lar  concent ra t ions  t l .  21 .

We can eas i l y  de tc rminc  thc  compos i t i c lns  o f  SAMs conta in ing  mix tu res  o f  these

long and shor t  th io la tcs  b r  scvera l  techn iques  [2 ] .  X- ray  photoe le  c t ron

spec t roscopy  (XPS)  is  thc  most  use fu l  s ing lc  techn ique:  XPS prov ides

informat ion pertaining t t t  e lcmental  composi t ion and oxidat ion statcs in acldi t ion

t9  the  re la t i ve  conccnt ra t ions  o f  the  two componcnts  in  a  SAM.  In  th is  papcr .  wc

= Sh = CH2OH or CH3

= (CH2)1q

= S -

=Lg= CH2OH or CH3

= (CH2) 21

= S -

F igu rc  2 .  Schcmat i c  r cp rcscn ta t i on  o f  a  m ixec l  SAM u ' i t h  ec lua l  c t tnccn t ra t i ons  o f  a  l r ; i t s -cha in  ( l -g )

a n c l  a  s h e r t - c h a i n  ( S h )  t h i o l a t c  ( r a t i o  o f  t h e  t \ \ ' o  c o m p ( ) n c n t s  i n  t h c  S A M : R r . r , : [ [ - g J ' [ S h ] :  l :

m e l e  f r a c t i o n  o f  t h c  l o n g e r  c o m p o n e n t  i n  t h c  S A M : / r " s r r r : t l - g l l ( t [ - g l  + [ S h ] ) : 0 . 5 ) .  T h c  t o p

c l ra rv ing  shows  a  mono layc r  w i th  thc  componcn ts  randomlv  m ixed .  and  the  b t l t t om shows  thc  t r " ' t l

c ( )mponcn ts  phasc  separa tcd .  We bc l i eve  tha t  ou r  SAMs a rc  somewhcre  bc twecn  thesc  t r , r ' t l

cx t r cmes .
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har  c  gscd thc  na tura l  logar i thm o f  the  ra t io  o f  the  carbon I  s  in tens i ty  to  the  go ld

-+ l  in tcns in '  (c lenoted  as  ln tC( ls ) /Au(a f ) l  in  th is  paper )  to  de termine the

c i rn rpr6s i t ions  o f  the  SAMs l2 l .  Our  g roup has  shown prev ious lv  tha t  th is

( luant i t \  can be used to determine the composi t ions of  SAMs incorporat ing

th i6 l l tes  6 f  c l i f fe ren t  leng ths  [1 ,  37 ] .  Th is  method is  exce l len t  fo r  charac ter iz ing

thc  compos i t ions  o f  a  g roup o f  mixed SAMs because i t  m in imizes  er ro r  due t< l

c l r i f t  in  the  in tens i ty  o f  the  X- ray  source .x
Thc g'1l rk c lescr ibed here is focused on the tai l  groups methyl  and hydroxy-

rncthr l :  these groups provic le a large di f fcrence in the wettabi l i t ies of  the s ingle-

. , ,nr1r, ' ,n.nt  SAMs and a large range of  wettabi l i t ies for  the mixed SAMs l l .  2.

1 0 .  1 6 l  T h e  o x y g e n  o f  t h e  h y d r o x y m e t h y l  g r o u p  a l s o  p r o v i d e s  a ' t a g ' f o r

mon i to r ing  compos i t ion  by  XPS [2 ] .

.1.  THE RELATIONSHIP BETWEEN THE (-OMPOSITION OF THE SOI,T]TION AND
THE COMPOSITION OF THE SAMI

When two-component SAMs zrre formed from thiols of  d i f ferent lengths under
'n r t rma l  adsorp t ion  conc l i t ions '  (go lc l -coa ted  s i l i c< ln  subs t ra tes  imme rscd  in

ethangl ic scl lut i<tns containing a total  concentrat ion t l f  th i t l l  t l f  l  r l lM: l  day;

room tempera ture) .  the  ra t io  o f  thc  concent ra t i t tns  o f  the  twt l  th io la tcs  in  the

S A M  ( R r ^ r , : I A u ( l )  S ( C F I . ) r , L g ] , ' I A u ( l )  S ( C H r ) , / , S h ] )  a n d  t h c  r r t t i o  o f  t h e

concent ra t ions  o f  thc  respec t ive  th io ls  in  s t t lu t i t tn  (  R , , , r , ,  :  I t iS (CH] )  , . rLg ] /

I H S ( C H ] ) , / , S h l )  a r e  n o t  t h e  s e r m e  ( F i g . 3 ) .  I I r  F i g . 3 .  \ \ ' c  h a r c  p l o t t e d  t h e

cc tmpos i t ions  o f  the  SAMs as  the  molc  f rac t io r t  o f  thc  l t lnger  c t lmponent

( X , . * . r , r n , .  w h e r c  / r * . s , r r , r : I L g ] r . . r r r / ( [ L g l s r r r + [ S h ] r r . , , )  i t n c l  
{ , * , : , r r , * X s r r s r \ r :  

l )

a g a i n s t  R r o '  t l .  2 1 .  T h c  c l e v i a t i o n  o f  t h i s  c L r r \ c  f r o m  i d e a l i t , v  ( / i . . \ y :  R , , , r n ,

c lashecl  l ine in Fig.  3)  incl icates a preference of  the longer comportct l t  for  the

sur face ;  the  sharpness  o f  the  t rans i t ion  reg ion  suugests  tha t  mix ing  o l ' the  two

components  i s  no t  en tha lp ica l l v  favorcd  w i th in  the  SAM.  poss ib lv  l cad ing  t t r

phase separa t ign  in  the  SAMs. ;  F rom the  re la t ionsh ip  be tween thc  compos i t ion

o f  the  SAM anc l  thc  compos i t ion  o f  the  so lu t ion .  we in fe r  thc  fo l low ing

qua l i ta t i ve  energy  rank ing  fo r  in te rac t ions  w i th in  thc  SAM:

L g . L g > S h . S h >  L g . S h .  W e  c a r n n o t .  h o w e v c r ,  d e t e r m i n e  a b s o l t r t c  c n c r g i e s  f o r

these interact ions because these systems are not at  equi l ibr ium.

Even though we clo not know the cletai ied molecular mechi tn isr t t  of  tormat ion

of SAMs. or the mechanism(s) of  exchange between thiolatcs ot l  t l tc  st t r facc and

th io ls  in  so lu t ion  [39 ] .  we know tha t  these SAMs are  no t  i t t  c t lL r i l i l r r ium:  the

re la t ionsh ip  be tween the  compos i t ion  o f  the  SAM and thc  contpos i t ion  < l f  the

solut ion is nct t  stable to changes in the condi t ions usccl  t 'or  r tc lsot 'pt i t ln.  For

example,  increasing the total  concentrat ion of  th io l  in sol t t t io l l  rcsul tccl  in an

' FFor  de ta i l s  concern ing  the  exper imen ta l  p rocec lu res ,  see  rc t .  l .

t l n  t h i s  s e c t i o n .  u , e  h a v e  u s c d  t h e  s y s t e m  S h : C H . " l - g : ( ' H . O l l  t o  i l l L t s l r r t t c  t h c  r c l a t i o n s h i p

be tween  the  compos i t i on  o f  the  SAMs and  the  compos i t i on  o f  thc  so l r t t i ons .  the  genc ra l  t rends  a re

the  same fo r  the  o the r  sys tems  tha t  we  have  s tuc l i ed  t2 .  381 .

;A t  p resen t ,  we  do  no t  have  exper imen ta l  resu l t s  tha t  exp l i c i t l v  de tc rm ine  the  < l r i . u in  t l f  t he

in fe r red  phase  separa t ion  in  these  SAMs.  In  a  separa tc  paper .  wc  
" r i l l  

p rescn t  a  tho r t l ugh  i rna lys i s  o f

the  exper imen ta l l y  observed  re la t i onsh ip  be tween  the  compos i t i on  o f  the  SAM and  the  compos i t i t l n

o f  the  so lu t i on  in  compar i son  to  a  theorc t i ca l  modc l  o f  t hc  fo rmat ion  o f  m ixed  SAMs [381 .
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F i g u r e  3 .  C ' o m p i r r i s o n  o l  t h c  c o r r . r J ' l o s i t i o n s  o l  S , . \ \ 1 s  i r n c l  o l ' t h e  s o l u t i o n s  f r o n t  u h i c h  t l r c V  u c r c

I . r m c c i :  m i r e c l  S A \ l S  t ( ) r ' n t c r l  t r o n t  t h c  c o r l l t c t i t i v c  a c l s t l r p t i t l t . t  t l f  t { S ( ( ' H . ) . r C ' F l ' O H  a n t l

H S ( C H . ) r , , C F I  .  ( c r p c r i n r c p l l r l  c o n c l i l i o n s :  c t h a n o l i c  s o l u t i o n s  u i t h  i t  t 0 t a l  c o n c c l l l r l l t i t l n  t l t  t h i t l l  t l l

I  m M :  r ( ) o m  t e m p c r i l t r l r e  :  I  r l l r r  t .  f  h c  . r - a r i s  i s  R , , , , , , .  c l c f i n c c l  a s  t h c  r a t i o  t l f  t h c  c o n c e  n t r l t t i r l n s  o f  t h c

I 9 l g c r  c o m p o n c n t  u n r l  t h c  s h o r t c r  c ( ) n r p o n c n t  i n  s o l u t i o n .  T h c  r ' - a r i s  i s  t h e  n l t l l c  l r a c l i t l n  o f  t h c

I r l n g c r  c 1 ; 1 m p ( ) n c n t  i t t  l h c  S . ' \ \ l  r l r r : r r r .  u ' h c r c . Z r "  s r '  *  / r , ,  r , r ,  
:  l ) . c l c t c r n l i n c t l  f r o n l  t l r c  l o g t t r i t h n l

. f  t h c  r a t i g  9 f  t h c  i l l c r r r i r r  p l  l h c  c a r [ e r 1  ( l s )  p c a k  i n  X P S  t o  t h a t  o f  t h c  g o l d  ( ' 4 f  )  p c l r k  [ . 1 7 1 .  S o m c

c l a t a  p g i n t s  m a v  h i r r c  7  . r ' , ( 0  o r  7 , " r r . ,  )  I  b c c a u s c  o f  c r r t l r s  i n  t h c  m c i t s t l r c m c n t s .  I l  t h c

i n t c n s i t i c s  9 f  l - r g t h  1 [ ] g  r ' 1 s 1 1 1 6 1  r I r ) s i g n l l  i r n c l  t h c  g o l d  ( - i / )  s i g n a l  v a r l ' b v  t t b o u t  t 5 " i , -  t h c t r  t h c  v l t l u c s

9 f ' l n ( ( ' r ' A u )  v a r \ ' [ . r r  + - " , , .  r c s u l t i p g  i n  a  m i n i m r . l n t  c r r ( ) r  o f  * 7 " 1 ,  i n  t h e  v i t l u c s  t l l  7 , !  \ \ \ r . W c  h a r " c  l c l t

t h c s c  c l a t a  p t l i n t s  1 1 u t s i t l e  7 ,  . r . ,  : 0  a n c l  X r r \ \ \ r  
:  I  ( r a t h c r  t h i t r l  m t l v i t r g  t h c n l  t t l  t h c  c n d p o i n t s )  t t r

s h g w  t h e  c r r ( ) r  l n  t h c  l r c u s u r c n t c n t s . ' I - h c  c u r v c  t h r t , u g h  t h c  c l a t a  i s  t l n l v  a  g t r i d c  t t l  t h c  c r c . ' f h c

c l a s h c d  c L l r v c  r c p r c s c r t t .  / ? ,  r . ,  
:  / ? . , , , , .

increase in the prcfcrcnce fur the longer component in the SAM. ancl  e l lso an

increase in  the  sh l rpncss  o f  the  t rans i t ion  reg ion  (F ig .  '1 ) .  When the  to ta l

concentrat ion of  th io l  \ \ ' i ls  decreased. the preference for the l t lngcr component

and the  sharpncss  o f  the  t rans i t ion  reg ion  decreased (F ig .  a ) .  The c f fec t  o f

increasing the t imc for adsr l rpt ic-rn was simi lar  to rais ing the total  concentrat i t ln

o f  th io l  in  so lu t i r - rn  [3 f i ] .  In  some cases ,  inc reas ing  the  tempera ture  o f  the  so lu t ion

also af fected the rc lat ionship betrveen the composi t ion of  the solut i t ln and the

composi t ion of  the SAN,I  in a manner suggest ing that SAMs formccl  undcr

n o r m a l  c o n d i t i o n s  a r e  n o t  a t  e q u i l i b r i u m :  f o r  S h : C H ' O H / L g : C H , .  t h e

transi t ion region becamc near ly an abrupt stcp when the tempcrature of  the

so lu t ions  was ra isec l  f rom l -5"C to  60 'C t38 ] .From these changcs . ' ' '  we  conc lude

that the SAMs are not in thermodvnamic equi l ibr ium: exchange between species

in solut ion and species in the completed SAM is s low at  room temperature.

We emphasize here rhat these resul ts may be a funct ion of  the crystal l in i ty ancl

morphology of  our gold substrates.  These substrates-formed hy electron-beam

evaporat ion of  2000 A of  gold at  room temperature onto chromium-pr imed

s, i l icon wafers-are rough on the atomic scale:  they consist  of  crystal l i tes of  golc i

rhat have u, idths of  approximately 100 nm and heights of  20-30 nm. as

*We have  no t  sys temat i ca l l y  addressed  the

componen t  SAMs.  bu t  qua l i t a t i ve  s tud ies  have

c o m p o s i t i o n  a n d  s t r u c t u r e  o f  t h e  S A M  [ 1 .  l 6 ] .

i n f l u e n c c  o f  t h e  s o l v e n t  o n  t h e  c h a r a c t e r  o f  t w t l -

suggestec l  tha t  the  s t t l ven t  has  a  la rge  in f lucncc  on  the
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F i g u r e  4 .  ( ' o m p a r i s o n  o l  t h c  c o m p o s i t i o n s  o t  S A M s  a n c l  o f  l h c  s o l u l i o n s  l r o r r r  u h i c h  t h c y  u ' c r e
I o r n r c c l :  t h e  c l ' f c c t  o l ' c h a n g i n q  t h c  t o t a l  c ( ) n c c n t r a t i o n  o l  t h i o l  i n  s o l u t i o r r .  I : r l l c d  c r r e  l e  s :  \ l i r c d  S A M s
t o r n t c c l  f ' r o n t  t h c  c o m p c t i l i v e  a d s o r p t i o n  o l ' H S ( C ' t l . ) r r ( ' H . O H  a n d  H S ( ( ' H . )  (  l l  l r o n t  c t h a n o l i c
s o l t t t i o n s  u ' i t h  t o t a l  c o n c c r t t r a t i o t t s  o l ' t h i o l  o l '  l ( )  n r M  i l l  r ( ) o l l t  t c m p c r a t u r c  t o r  i  t l l r r .  ( ) p c n  c i r c l c s .
N I i r c d  S A M s  l i r r m e c l  f r o n r  t h c  c o n r p c l i t i v c  u c l s o r p t i o n  o f  I l S t ( ' H . ) r r ( ' H . O t {  r r n r l  l l s r (  t l . ) r , , ( ' H ,
t r o r n  c t h a n o l i c  s o l u t i o n s  u i l h  t ( ) t a l  c o n c c n t n t t i o n s  o f  t h i o l  o l ' 0 . 0 1  m M  a t  r ( ) ( ) l n  l f l n l ) e r u t u r c  f o r '
I  r i a l ' .  A x i s  l a b c l s  a r c  c l c s c r i b c c l  i n  t h c  c a p t i o n  t o  F - i q . 3 . ' l ' h c  c u r \ . c s  t h r o u g h  l h c  c l l r t r r  r r r e  o n l v  g u i r l c s
t t l  t hc  eyc .  Thc  c lashcd  c t t r vc  bc tu ' ccn  thc  t \ \ ' o  sc l s  o l ' c la t t r  rep rcsc l l l s  t l r c  cu r rc  th r , r r rL l t  rhc  c la l i r  i r r
F i s .  3 :  t he  c lashcc l  cu rvc  on  the  r i gh t  r cp rcscn ts  /? , , r ,  :  / ? . , , , , , .

dete iminec l  us ing  scann ins  tunne l ing  mic roscopv  I2 ] .  I f  wc  \ \ , c rc  to  use  go lc l
subs t ra tes  w i th  la rge ,  a tomica l l y  smooth  te r races  [ : t0 ] .  wc  n t i ch t  obscrve  a
di f fcrent relat ionship between Rr,rn,  ancl  rR., , r , , .

4.  THE REI,ATIONSHIP BETWEEN WETTABILITY AND THE ( 'OMPOSI I  I ( ) \  ( )F THE
s A M  l l , 2 l

We havc  used watc r  and hcxac lecanc  as  our  p robc  l i c lu ic ls  bcc i r r rse  , r t  thc  la rgc
d i f fc rence in  the i r  sur face  tcns ions  ( t , l { * t '=73  mJ/mr :  y f l l )=  l8  n r . l  n r  i . r r  r 'o ( )m
tempera ture  t l  l  ] )  and in  thc  o r ig ins  o f  the  fo rce  s  tha t  r le  te  rn r inc  thcm.
Approximately 70"/ , ,  of  the surface tension of  wl l ter  or ig inatcs in i1. .  poiur inter-
ac t ions ,  p redominant ly  hydrogen bond ing  l42 l :  wc t t ins  b l  n r r re r  i :  rhc rc fo re
s t rong ly  a f fcc ted  by  changes in  the  po la r i t y  o f  the  in te r facc .  

- l -hc  
: r r r - l , ree  tcns ion

of  hexadecane has  no  po la r  component :  in  the  abscnce o l 'an \  l )o l l r r  l i rne t iona l i t y .
hexadecane is  sens i t i ve  p r imar i l y  to  chan-ees  in  thc  po la r izah i l i t r  o f  rhe  gr 'oL lps  a t
the  in te r face .  In  th is  sec t ion .  we f i rs t  d iscuss  the  contac t  i l l tg lc  o f  u l r le  r  ( )n  the  se t
o f  SAMs tha t  we have s tud ied .  We fo l low w i th  a  d iscuss ion  o f  e t )n t l rc t  i lng les
i n v o l v i n g  h e x a d c c a n e  o n  m i x e d  S A M s  w i t h r t r . r t  p o l a r  g r ( ) u P \  r i . e  .  S h :  C H , /
L g : C H . ) .  W e  c o n c l u d e  w i t h  a n  i n c o m p l c t e  d i s c u s s i o n  o l  h r . , t e  r e r i s  i n  t h e
c o n t a c t  a n g l e  o f  w a t e r  o n  t h e s e  S A M s .  H y s t c r c s i s  i n  e ( ) t ) t i r e r  l r r r g l c s  i s  s t i l l
i n c o m p l e t e l y  u n d e r s t o o d  [ 4 3 . 4 4 1 ,  b u t  h a s  t h e  p o t c n t i i r l  r t ) l ' r r . , r r i t l e  s u b s t a n t i a l
useful  informat ion about the heterogenei tv ct f  surfaccs.

A l l  o f  the  contac t  ang les  d iscussed in  h is  sec t ion  \ \c rc  t l t kcn  on  S. . \ \ l s  fo rmed
under  normal  adsc l rp t ion  cond i t ions .  Up to  no \ \ .  \ \ c  h l r rc  l t ( ) t  o [ ' rsc rvcc l  any
genera l  t rends  in  the  contac t  ang les  as  a  func t ion  o f  thc  cond i t ions  uscd fo r
adsorp t ion  t3 | l .  In  th is  work ,  we have takcn  max imum ac lvanc ins  (0 , )  and
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nr in imum rececl ing (0,)  contact  angles [0.  -1; t ] .  In present ing our data.  we plot

thc  cos ine  o f  the  contac t  ang le  as  in  Youns 's  cquat ion  [ ;1 -5 ] :  cos  0 :  ( / r ,  -  
Tsr \ /

. , , r .  where  the  / . \ . ) . re fe rs  to  the  in te r fac ia l  f ree  energv  per  un i t  a rea  be tween

in te r faces  X and y  (S :  so l id .  L :  l iqu id .  V :  r 'apor ) .

1.1. Wettability with woter

W h e n  o n l y  o n e  o f  t h e  t a i l  u r o u p s  i s  h y c l r t ) x \ t l l c t h v l  ( i . c .  S h : C H ,  / L g :  C H . O H

r r r  S h : C H . O H / L g : C H , ) .  t h e  w e t t a b i l i t i c s  o f  t h e  r n i x e c l  S A M s  s p a n  t h e  r a n g c

bctween hyclrophobic ancl  h l 'c l rophi l ic .  Sirrcc l l r r '  is  nt t t  s imply rc lated to R., , , , , .
pct  correlat ion exists bet\ \ 'ecn the u 'ct tabi l in of  thc SAM and the ct lmp<lsi t i t ln of

t h e  s o l u t i o n  ( F i g . 5 .  b o t t o m ) .  I r r  t h i s  s t ' s t c n r  ( S h : C H . / L g : C H . O H ) .  b o t h  t h e

ac lvanc ing  anc l  the  reccc l ing  contac t  ang lcs  a rc .  h t twevcr .  l inear lv  re la ted  t t l  the

Au-S(CHz) roCHs Au-S(CHz)zrCHzO H
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F igu re  5 .  Advanc ing  ( f i l l cd  c i r c l cs )  and  reccd ing  (opcn  c i r c les )  con tac t  ang lcs  o f  wa tc r  t l n  m i rcc l

S A M s  o b t a i n e d  b y  t h c  c o m p c t i t i r c  a d s o r p t i o n  o f  H S ( C H , ) r ( , C H r  a n c l  t I S ( C H r ) . r C H . O H  t l n t o  s o l c l

a s  a  f u n c t i g n  o f  t h e  m o l c  l r a c t i o n  o f  t h e  l o n g c r  c o m p o n e n t  i n  t h c  S A M .  / r * s r r r  ( t o p ) .  a n d  a s  a

func t ion  o f  the  mo lc  f rac t i o r r  o t  t hc  l onger  componen t  i n  so lu t i on ,  .X ru , , , r , ,  (b< l t t om) .  Va lues  t l f  ; ' "  r , n ,
were  de te rm inec l  as  dcsc r i t ' r cc l  i n  thc  cap t ion  to  F ig .3 t  / ru . , , , rn :  R . , , , , , r ' ( l  +  R , , , r , , ) .  S t ra igh t  l i nes  th rough

the  da ta  i n  thc  top  p lo t  * ' e rc  r i c t c rm inec i  by  a  l eas t -squares  f i t .  The  cu rves  th rouch  the  c la ta  i n  thc

bol tom plot  are only guic lcs to thc c l 'c .
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compos i t ion  o f  the  SAM ( i . c .Xr .g .SAN4;  F ig .5 .  top) .  These da ta  migh t  suggest  tha :
thc contact  angles are not af fected by disorder in the interfacial  region or that  tht
mixed SAMs are not disordered, but s ince methylene groups are as hydrophohi .
as  methy l  g roups  (see be low) ,  us ing  water  as  a  p robe l iqu id ,  we cannot  re l iab l r
di f ferent iate between a SAM that has phase separated into macrcscopic is lancl .
and a SAM with randomly dispersed hvdrcxymethyl  groups in a sea of  methr
and methy lene groups .

For  Sh:CH.OH/Lg:  CH. , ,  on ly  the  reced inc  contac t  ang les  o f  water  a r r
l inear lv  re la ted  to  the  compos i t ion  o f  the  SAM:  the  p lo t  o f  advanc ing  contacr
ane le  o f  water  aga ins t  Xrg .saH, r  i s  curved (F ie .6 ) .  These da ta  i l l us t ra te  the  h igh
se ns i t i v i t y  o f  the  contac t  ang les  to  thc  molecu la r  s t ruc tu re  o f  the  in te r face  :  i f  th i ,
svs tcm were  macroscop ica l l y  phase separa ted .  we wou ld  expec t  the  advanc in r :
ans lcs  to  be  re la ted  l inear ly  in  the  comp<- rs i t ion  o f  the  SAM.  Th is  resu l t  imp l ics
sieni f icant disorder at  the interface: the lonser chains are f lopping over thc
sh t t r tc r  cha ins  wh i le  the  drop  o f  water  i s  advanc ing ,  bu t  wh i lc  thc  d rop  i :
reced inc .  the  SAM c t tu ld  reorsan izc  to  uncover  the  hydroxvmcthv l  s r ( )L lps .

W h e n  b o t h  t a i l  s r o u p s  a r e  h v c l r o x v m e t h y l  ( i . c .  S h : C H , O H ' [ - s : C H . O H ) .
the  mixec l  SAMs are  cons ic le rab l r ,  r lo rc  hvc l rophot - r i c  than thc  s ins lc -componenr
SAMs (F ig .  7 ) .  The advanc ing  co t ' l t i l c t  a r rg lc  inc rcascs  f rom u t ' ro r r t  10"  fo r  thc
p u r e  S A M s  t o  5 4 "  f < l r  t h e  S A M  u ' i t h  7 r r  \ \ \ r  =  0 . 5 .  T h i s  c h u n g c  e ( ) l ' l . c \ p o n d s  t o  i r
decrcase in  the  in te r fac ia l  f ree  energv  o f  thc  s \ \ t cn t  ( ) , r r  -  

1 , , ,  )  o1  -  l5  rn . l /m l  (o r
-0 .8  kca l /mo l  o f  sur face  groups .  assunr ins  i r  cons tan t  c ( ) l recn tnr t ion  o f  sur facc
s r o u p s  o f  8  x  l 0 - r o  m o l / c m r  [ 2 3 .  ] + .  l Z l r .  \ \ ' c  o l ' r s c r r c i l  p r c r i o r r s l r  t h a t  t h c
advanc in -e  contac t  ang le  o f  wate  r  on  n t i . rc t l  S . \  \ l r  t le  r i r  cd  f rom
H S ( C H r ) r 6 C H . , O H  a n d  H S ( C H r ) r s C H . O H  i n c r c u s c d  t o  - 1 1 '  l r o n r  -  1 0 "  o n  t h e

Au-S(CH2)1sCH2O H Au-S(CH zlz,GHs
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F igu re  6 .  Advanc ing  ( f i l l cd  c i r c l cs )  and  reced ing  (opcn  c i r c l cs t  c ( )n r l c t  r rng le .  ( ) l  \ \ i r l c r  on  m ixed
S A N I s  o b t a i n c d  b y  t h e  a d s o r p t i o n  o f  H S ( C H . ) r , , C H . O F l  a n c l  H S t ( ' t l . r  (  t l  ( ) n t ( )  ! ( , l t i  u s  u  f u n c t i c t n
c l f  t he  mt l l c  f rac t i on  t l f  t he  longc r  componcn t  i n  thc  SAI \1 .  

- l -hc  
n ro le  tn le r ro l r '  \ i t , r t ,  . i c t c rm ined  as

desc r ibed  in  the  cap t ion  to  F ig .3 .  The  s t ra igh t  l i nc  th rough  thc  r cccd rng  r rng lc ,  \ \ . r \  r l e t c rn t i ncd  by  a
leas t -squares  f i t .  The  cu rve  th rough  the  da ta  o f  thc  ac l ranc ing  c ( )n tac t  l ng le r  l s  on l r  r r  gu ic l c  to  thc
eye .
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l ' i gu rc  7 .  Ac lvanc ing  ( f i l l cc l  c i r c l cs )  anc l  r cced ing  (open  c i r c les )  con tac t  ang les  o r  wa tc r  on  m ixec l
SAMs o t r ta ined  by  thc  ac l so rp t ion  o f  HS(CH1) r , , ( 'H , f )F {  and  HS(CH, ) , ,C lH .OH onro  so lc l  as  a
lunc t ion  o f '  t he  mo lc  f rac t i on  o f  l hc  l c lngc r  comp( )nen t  i n  thc  SAM.  The  m. l c  l rac t i . ns  r . l , e re
dc te rm incd  as  c lesc r ibcd  in  the  cap t ion  to  F ig .3 .  Thc  cu rvcs  th rough  the  da ta  a rc  t t r . r l v  su ides  to  the
cyc .

s i n g l e  c o l n p o n c n t  S , ' \ \ l s  ( " , ,  l ' : r  r l c c r e a s c s  b v  l 7  n t . l / m r  o r  0 . 5  k c a l / m o l )  [ l ] . *
F o I  t h c  c ( ) l l t l l c t  i t l l g l c  t o  i n c r c a \ c  ( ) n  t h c s c  n t i r c r l  S , \ \ 4 s .  t h c r c  m u s t  b e  s i g n i f i c a n t
l l l l c r l l c l i ( ) l l  l r c t $ e c l ' t  t h c  p r o b c  l i q u i c l  u n c l  t h c  r r c t h r l c n c  g r o u p s  o f  t h e  l o n g e r
chr t t t l r .  

. l -hcsc  
rcsu l ts  imp ly '  s ign i f i can t  c l i sordcr  z r t  thc  mgn11 la lc r -water  ;c l

t t t t l t l t l lay 'er-vapor interfaces. We cannot,  however,  interpret  thc changes in
contact  angle on this set  of  SAMs in terms of  a model for  mixine of  the com-
poncnts because we do not know the extent to which these components may tre
forming is lands on the surface.

N{ i rcc l  phases  o f  Sh:CH. /Lg :CH:  a re  as  hyc l rophob ic  (as  de termined by  the
It t l i  r t t rc ing contact  angle of  water)  as the highly ordeied, s ingle-componcnt SAMs
(Fis.  ' \ t .  Whi le the contact  anglcs of  hexadecu:rne clear ly shc,w that the interfacc is
d isor i le rcd  tscc  F ig .9 ) ,  the  advanc ing  contac t  ang le  o f  water  i s  unaf fec tcd  by  the
presencc of  mct i rv lene groups at  the interface. Gcneral ly,  a surface composed of
methy l  g roup\  hus  a  /sv  o f  about  20mJ/mr ,  and one o f  methy lene groups ,
/sv=30 mJ mi  tc .g '  po lye thy lene)  [47 ] ;  th is  d i f fe rcnce shou ld  lead to  a  decrease
in thc equi l ibr iunt  cot t t i tc t  angle of  water by - t l "  using Fowkes's equat ion for
nor r -po la r  sur faccs  [4 l i ] :  / s r  :  / sv*  y tv -2 , [y* i { , , .  *h . . .  the  superscr ip t  d
rcfers to the <i ispcrsivc component of  the surface tension of  the t iquid
(yiv= 22mJ/mr for  u 'ater at  room temperature t42l) .  The receding coniact
angle of  water decrcased on the mixcd phases by about 8 ' ,  suggest ing that the
cqui l ibr ium contact  angle of  water probably also decreased; th is resul t  is

' iWe  common ly  t t hse rve  tha t  the  ra luc  o f  the  advanc ing  con tac t  ang lc  o f  wa tc r  on  hyd roxvmethy l -
te  rmtna tcd  mono layc rs  c lu i ck l y '  i nc rcases  u ' i t h  the  amoun t  o f  t ime  bc tween  remova l  o f  t hc  samp le
f ron r  so lu t i on  and  the  t i rne  tha t  thc  con tac t  an { les  a re  taken .  We a t t r i bu te  th i s  i nc rease  (wh ich  i s
re la t i vc l y  sma l l  i n  te rms  o f  cosd)  to  thc  adsorp t i c ln  o f  a i rbc l rne  con taminan ts  to  th i s  h igh -energ1 ,
s t t r tace '  anc l  no t  to  recons t ruc t i o t t  o f  t he  mono laye r  a i r  i n te r face  o f  the  s ing lc -componen t  SAMs
t . l ( i l .
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F igu rc  8 .  Ac lvanc ing  ( l ' i l l c r l  c i r c les )  and  rcccc l i ng  (opcn  c i r c l cs )  c ( )n t l r c l  r rns l cs  o l .$ ,a tc r  on  m ixcc i
S A M s  o b t z r i n e d  h v  t l r c  a d s o r p t i o n  o f  F I S ( f l H . ) r , , ( ' H .  a n d  H S ( ( ' H . ) . r (  l l ,  o r r l o  g o l t l  r r s  u  f u n c t i o n  o l .
t hc  m< l le  f rac t i on  o f  the  longc r  c ( )mponcn t  i n  thc  SAM.  Thc  m< l l c  l r l r c t r r rn r  \ \ r . t . . '  ( l c t c rn t i ncc l  as
d c s c r i b e d i n t h c c a p t i t ) n t o F i g . 3 .  T ' h e c u r v c s t h r o u g h t h c c l a t a a r c o n l r , ! , u i d c s l o t | 1 . , . , r . ,

cons is ten t  w i th  the  in t roc luc t ion  o f  somc methy lene groups  a t  the  s r re  r l , cc .  I l t  a
sys tcm wi th  thc  ab i l i t y  to  reorgan izc  such as  SAMs,  these rcsL l l t s  ( iu r r l  th rsc  fo r
Sh:  CH'OH/Lg:  CH, )  migh t  imp ly  tha t  the  sys tem min imizeS l , r r  t lL r r ins  the
measL l remcnt  o f  the  advanc ing  contac t  ang lc  o f  water  and min imizcs  ; , , ,  r lu r ing
the mcasurement of  the receding contact  angle of  watcr.

4.2. Wettability with hexadecane

The most interest ing detai ls about c l isorcler in these SAMs that can bc inferrcd
f rom the  contac t  ang le  o f  hexadccane werc  ob ta inec l  on  Lg :CH. , /Sh:CH, .
When thc two methyl- terminated components were mixed on the surface, the
zrdvancing contact  angle of  hexaclecanc decreased from - 45" on the single-
component  SAMs to  16 '  (F ig .  9 )  on  the  mixed SAM wi th  l r  g .SAr \ r  :0 .2 . I f  we
assume that th is decrease is analogous to the decrease in the equi l ibr ium contact
angle '  we can use Fowkcs's equat ion t4t t l  to determine the sol ic l -vapor and
sol id- l iquid interfacial  tensions of  these SAMs (Fig.  9,  bot tom).  The maximum
decrease in thc advancing contact  angle of  hexaclecane from the values on the
single-component SAMs corresponds to an increase in )rsv by about 6.5mJ/m2
(0-20 kcal /mol of  surface groups) and a decrease in ?rsr by about 0.6mJ/m2
(0.02 kcal /mol of  surface groups).*  Obviously,  d isorder in th is system leads to an
increase in the numbers of  methylene groups at  the interface. Whi le hexadecane
is most sensi t ive to the methylene groups &t / r_g.sav:0.2,rvater is most sensi t ive
to disorder between.Xrg.snv:0.4 and 0.8;  we do not have an explanat ion for  th is
di f ferencc in behavior.

* T h c  a d v a n c i n g  c o n t a c t  a n g l c s  o f  h e x a d c c a n c  o n  S h : C H r / L g : C H . O H  a n d  S h : C H . O H /
Lg :CH.  show s im i la r  t rends  [2 ] ,  bu t  s incc  the  hyd roxymethy l - te rm ina ted  mono lave rs  a re  wc t tab le .
thc  da ta  a re  no t  as  i l l us t ra t i ve  o f  d i so rde r  i n  the  in te r face  as  thcy  a re  fo r  Sh  :  CH, /Ls  :  C l l . .
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Figure 9.  Tt lp:  Advancing ( f i l led c i rc lcs)  and receding (opcn c i rc les)  contact  angles of  hcxaclccane on
mixed  SAMs ob ta ined  by  the  adsorp t ion  o f  I IS (CH. ) r l cHr  and  HS(C lH , ) , ,CH. ,  on re  ge lc l  as  a
func t ion  o f  thc  mo lc  f rac t i on  o f  thc  l onger  componen t  i n  the  SAM.  Bo t tom:  So l i d -vapor  ( y r r l f i l t ed
c i r c les )  and  so l i d - l i qu id  ( y . , ;  f i l l cd  squares )  i n t c r fac ia l  t ens ions  de te rm ined  us ing  the  ac l vanc ing
con tac t  ang les  o f  hcxadecane  and  Fowkes 's  equa t ion  [4 t t ] .  Va lues  o f  y . ,  have  becn  mu l t i p l i ed  by  l0
to br ing them on scale.  The mole f ract ions wcre dctermincd as descr ibcd in the capt ion to Fig.  3.  The
curvcs through thc data are only guidcs to the eyc.

4.3. Hysteresis in the contact angle of water

The hysteresis in the contact angle of water (defined here as A cos 7tt{) -
c<rs 0fJ'o - cos 0'^"n to give positive values) increases in magnitude as the
interface becomes more disordered. Figure 10 shows the hysteresis in the contact
angle of  water for  the mixed SAMs of Sh: CH,OH /Lg: CH.,  p lot ted against  the
composition of the SAM. The origin of this increase in hysteresis is probably the
disorder in the interface, but we wil l not be able to quantify this effect unti l we
can repr(lducibly control the roughness of our substrates and reduce the error in
the measurement of the contact angles [2]. Theoretical and experimental studies
of hysteresis have not addressed the problem of molecular-icale rnicroscopic
heterogenei ty at  the interface [43,44],  but  once we understand the distr ibut ion
of the two thiolates on the gold surface, SAMs derived from the types of
components used in this study wil l be a useful tool for understanding fully the
origins of hysteresis.
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F igu re  10 .  Hys te rcs i s  i n  thc  con tac t  ang lc  o f  wa tc r  on  m ixed  SAMs ob ta inec l  bv  thc  uc l so rp t ion  o f
HS(CHr ) r .CH,OI I  and  HS( t lH . ) . rCHr  on to  go ld  as  a  func t ion  o f  the  mo le  f rac t i o r . r  o t  rhe  lonsc r
componen t  on  thc  su r face .  Va lucs  o f  hys tc rcs i s  canno t  be  de te rm ined  when  thc  r cccc l i ns  l rng lc  o f
wa te r  i s  ze ro ,  and  the re fo re ,  the re  a re  no  va lucs  c l f  hys tc rcs i s  bc low / ro  s , r r r  =  0 .  l .  Thc  c r r r r  e  th rough
thc  c la ta  i s  on ly  a  gu ide  to  the  cyc .

5.  CONCI,T]SIONS

The data summarizecl  in th is paper i l lustrate that  format ion of  two-cr)mponcnt
sel f -assembled monolayers of  a lkanethiolates on gold is an excel lent  methocl  for
forming surfaces with control led wettabi l i t ies.  When using SAMs to form such
surfaces, the composi t ion of  the SAM may not equal  the composi t ion of  the
solut ion,  and the relat ionship between these two may be dependent on the
condi t ions used to form the moncl layers.  Factors such as the total  concentrat ion
of th io l  in the solut ion,  the length of  t ime that the samples were lef t  in solut ion,
the temperature of  the solut ion,  and the solvent used are extremely important in
de termin ing  the  compos i t ion  o f  the  SAM [  1 ,  16 ,  3U] .

The data also i l lustrate that  two-component SAMs of  a lkanethiolates on gold
are important tools in understanding wett ing.  Contact  angles using water and
hcxadecane are sensi t ive to disorder in the interfacial  regions of  mixed SAMs of
alkanethiolates with alkyl chains of different lengths, but this sensitivity depends
on the tai l  groups of  the components and on the probe l iquid:  water is sensi t ive
to the increase in the concentrat ion of  methylene groups in the interfacial  regions
of mixed SAMs of Sh:CH,OH/Lg: CH.,OH, but is only s l ight ly sensi t ive to the
increase in the concentrat ion of  methylene groups in the interfacial  regions of
mixed SAMs of Sh : CH./Lg: CH:. Hexadecane is, however, very sensitive to
changes in the relative concentrations of methyl and methylene groups in the
interfacial  region in mixed SAMs of Sh: CH. /Lg:  CH..  Hysteresis in the
contact  angle of  water increases on the mixed SAMs. This observat ion suggests
that hysteresis is also sensi t ive to microscopic disorder in the interfacial  region.

We do not bel ieve that these SAMs are completely disordered: the relat ionship
between the composition of the SAM and the composition of the solution
suggests that  these SAMs have part ia l ly  phase separated under normal con-
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dit ions for  adsorpt ion (see last  footnote on p.  1401).  we are cont inuing to explorethe wett ing and adsorpt ion propert ies of  these,SAv, * i t t r  th.  gout,  of  determiningand control l ing the s ize of  the is lands within SAMs, and then relat ing the wett ingproperties (especially hysteresis) to the heterogeneity of the interfaces.
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