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Abstract. This paper describ_es applications in microfabrication using patterned
sel f -assembled monolayers (SAMs) formed by microcontact  pr int ing."Microcontact
pr int ing (7rCP) is a f lexible new technique that forms patterned SnMs with regions
terminated by di f ferent chemical  funct ional i t ies (and thus di f ferent physicat  and
chemical  propert ies),  in patterns wi th pm dimensions. Patterns of  

'SAM 
are formed

using an alkanethiol  as an ' tnk ' ,  and pr int ing the alkanethiol  on a metal  support  wi th
elastomeric 's tamp'.  We fabr icate the stamp by moulding a s i l icone elastomer usrng
a master prepared by opt ical  or  x-ray microl i thography or by other techniques. SAMs
of long-chain alkanethiolates on gold and other hetats can act  as nanometer resrsts
by protect ing the support ing metal  f rom corrosion by appropr iately formulated
etchants:  the fabr icat ion of  microstructures of  gold and si l icon demonstrates the
util i ty of patterned SAMs (formed by lrCP) as nm resists. Patterned SAMs formed by
4CP can also control  the wettabi l i ty  of  a surface on the tr r rn scdle.  The organizat ion
of l iquids in patterned arrays wi th 1rm dimensions, and the patterned deposi t ion of
microcrystals and microcrystal  arrays i l lustrate the use of  control led wet iabi l i tv  for
microfabr icat ion.

1.  In t roduct ion

Self-asser lb led monolavers (  S,{ \ .4s) of-  organic compounds
on inorganic or nretal  sur laces are becorning increasingrr ,
r rnpof iant  in many areas of '  rnater ia ls science i l  3]
Al though there are many di f f -ercnt  svstems of  SAMs
based on di f  ferent oruanic c() l t ' rponents and supp{-)ns.
the best de'c loped svstems arc those of  a lkanethiolates.
, \ ' (CH: ) , ,1 ' (CH: ) , ,S- .  on  go ld  f i lms  f . i  61 .  . { l kaneth io ls
chemisorb spontaneouslv on a gold sLrrr i rce t iorn solutron
and fbrrr  adsorbed alkanethiolates *  i th loss of  hvcirogen.
A r .v ide var ietv of  organic funct ional  groLlps ( . \ ' .  ) ' )  can be
rncorporated into thc sur l i icc or in ler ior  of  the rnonolayer.
SANIs can therefbre be tai lored to pro' ide a u ' ide 'anerv
of mater ia l  propert ies:  wettabi l i ty  and protect ion against
cclrrosion bv chernical etchants are especiallv relevant tcr
many appl icat ions.

We dcscr ibed previously [7 l0]  a technique that forms
patterned SAMs w'ith geometrically r.vell defineci regions
of dilferent chernical functionality and thus different
phvsical  and chemical  propert ies.  This technique, pCp.
uses an elastomeric 's tamp' and alkanethiol  . ink '  to
form pattcrned SAMs of alkanethiolates on gold f i lms
u' i th dirnensions ranging from 200 nm to several  cm.
Patterned SAMs formcd by aCP have many appl icat ions.
inc lud ing  rn ic ro fabr ica t ion  [7 ,8 .  I  l -14 ] .  s tud ies  o f  wet t ing
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and nuc lea t ion  phenomena l l2 .  1 ,5  i9 l .  p ro re in  [ ]0 .  I  I  I  and
ce l lu la r  adhes ion  [22 ] ;  and in  ana lv t i ca l  s tud ics  in r  o l r  ing
scann ing  e lec t ron  mic roscopv  123 l .and scann ing  1- r robc
rnicroscopies [2; l ] .  In th is paper.  w'e tbcus on appl ic; . r r ior . ts
related to the fabr icat ion of  structures * , i th micrornc-rr . r  and
sub-micrometer dimensions.

2.  Resul ts and discussion

2.1.  Microcontact  pr int ing (pCP) t ransfers bv conract
alkanethiol  ' ink '  f rom an elastomeric .stamp' to a gold
surface: i f  the stamp is patternedn a patterned S.{} I
fo rms 17 ,8 l

The stamp is f -abr icated by cast ing polydirneth ' r ' is i lorane
(PDMS) on a master having the desired pattern.  ! {asrr . rs
are prepared using standard photol i thographic techniqucs.
or constructed from exist ing mater ia ls hal ' ing microscale
surf-ace features.

In a typical experimental procedure (figure I ). \\.e
placed a master tn a glass or plast ic petr i  d ish,  and poured
a l0: l  rat io ( ' , r ' :u '  or  r , ' : r . ' )  mixture of  SYLGARD si l icone
e las tomer  18 ,1  and SYLGARD s i l i cone e las tomer  184
cur ing agent (Dow' Ciorning Corporatron) ovcr thc rnastcr.
The elastomer degassecl fbr approrimately 30 rrin at roonl
temperature. cured fbr I 2 hr at 60 C. and u,as peeled
gent ly f iom the master.  The resul t rng starnp repl icatecj
in reverse the relief of the f-eatures cln the master: raisecJ



Si

Figure 1. Schematic of the procedure for pCP. See text for
detai ls.

regions of the stamp coffesponded to recessed regions of
the master.

We 'inked' the elastomeric stamp by exposing the
stamp to a 0.1-1.0 mM solution of alkanethiol in anhydrous
ethanol, usually by rubbing the stamp gently with a Q-
tip saturated with inking solution. The stamp dried until
no liquid was visible by eye on the surface of the stamp
(typically about 60 s). either under ambient conditions, or
by exposure to a gentle stream of nitrogen gas. Following
inking, the stamp was applied by hand to a gold surface.
We used 50-2000 A-thick gold films, prepared by electron-
beam evaporation on Si[100] wafers, with l0-100 A of Ti
as an adhesion promoter (between the gold and the Si).
Very light hand pressure aided in complete contact between
the stamp and the surface. The stamp was then peeled
gently from the surface.

2.2. Microcontact printing formed patterned SAMs
with features having pm dimensions [7,8]

Figures 2(a), (b) show SEM images of complex pat-
terns produced by standard lithographic techniques
(photolithography, etching, metalhzation and lift-off that
were used as masters for pCP. We selected these masters
to demonstrate the complexity of features that could be pro-
duced by prCP. The masters had feafures with a range of
sizes (< 1trrm to hundreds of prm), arranged in patterns sim-
ilar to those used in microelectronics fabrication. The relief
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in these features was between 0.8 and 1.5 /zm, and ga'u'e

rise to the contrast between different regions of the SEM
images in figures 2(a). (b): raised regions of the master

appeared lighter (in the SEM image) than recessed regions

of the master.
Stamps cast from these masters had recessed regions

that corresponded to raised regions of the master.

Microcontact printing of CH3(CH:)15SH with these stamps
on a gold film produced a patterned SAM terminated by

CH3 (l ighter, f igures 2(c), (d); washing the surface with

HO(CH2)rrSH formed patterned SAMs terminated by OH

in regions of the gold surface not derivatized by the pCP

step (darker. f igures 2(c), (d)). Since the stamped features

of the patterned SAM appear bright in the SEM image, the
patterned SAMs are direct negatives of the corresponding
masters. The complexity and scale of the features shon'n in
figure 2 is typical of patterned SAMs that lrCP can produce

routinely.
Close inspection of f igures 2(c). (d) (and other patterned

surfaces in this paper) revealed the srnall defects in the
patterned surfaces. At present, stampin-q is conducted by
hand under ambient laboratory conditions: presumably.

more sophisticated methods of stamping wil l improve the
quality of features produced by i iCP.

At present, the primary advantage of microcontact
printing is the sirnplicity and ease with which micron-
scale patterned surfaces can be produced. Microcontact
printing is experimentally simple. and can be conducted
in a conventional chernical laborator,v-no routine access
to c lean rooms or photol i thographic equipment is required
(although some rnicrolabrication technique is required to
make the master). Several stamps can be fabricated from a
single master and individual stamps can be used hundreds
of t imes (while stored under ambient lab conditions)
without degradation in performance. Pattenied SAMs

of alkanethiolates formed by pCP are robust samples
exposed to the laboratory arnbient for ser.'eral tnonths
showed no detectable degradation. and could be u'ashed
repeatedly in organic solvents without darnage.

2.3.  Microcontact  pr int ing of  a lkanethiols on gold and
wet-chemical etching produced microstructures of
gold [7]

We formed patterned SAMs by pCP with CHr(CH:)rsSH
on a 2000 A-thick gold surface (prepared by electron-beam
evaporat ion of  gold on a Si [100] wafer using l0 A of  Ti  as
an adhesion promoter). Submerging this patterned surface
in a basic solut ion of  cyanide ion (0.01M KCN, 2M KOH)

119.25.261, with continuous stirring and bubbling of
oxygen gas, removed the gold in regions of the surface
not protected by SAMs U). Using this procedure, we
have produced features having dimensions from 0.2 pm

to several hundred pm (figure 3) [7,8]. Figures 3(a), (b)

suggest the size and complexity of features produced
routinely by pCP and wet-chemical etching. A feature
profile of 2 pm lines of gold revealed the depth of the
gold features (figure 3(c)). The smallest features of gold

fabricated to date by prCP are lines of gold 200 nm wide
that are separated by 200 nm (figure 3(d)).
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Typical ly.  heraclecanethiol  (CH.l(CHr)r .SH) r . r 'as thc
best resist  for  etching erper iments.  Longer chain
alkanethiols provided cornparable protect ion against  thc.
CN- etch and were less convenient to use: alkanethiols
of shorter chain length pro', ' ided decreasins protcction.
For best cases. \ \ ,e have obsen'ed t8]  (by SEM ) -5
etchable defectsrnrrnl o'u'er reqions of gold protcctccl bv
SAMs o f  CH: (CHr) rsSH.  These de fec ts  mav ar ise  f io rn
irnperfections in the patterned SAlv{ fbrrncd b1,' 1r C'P
and contaminat ion (dust.  hydrocarbons) present in the
laboratory arnbient.

2.4.  Microcontact  pr int ing of  a lkanethiols on gold and
wet-chemical  etching produced microstructures of
sil icon l8-l I I

We used rnicrostructures of gold fabricated by lrCP
and wet-chemical  etching (see abovc) as resists fbr  the
anisotropic etching of Si. Figure 4 shor,i 's our procedure tbr
the fabrication of Si microstructures. Microcontact printint
formed a patterned SAM (figure 4(a)); exposure to CN-
solution created gold microstmctures corresponding to the
pattern of the SAM formed by pCP (figures a(b), (c)).
Anisotropic etching of  the Si  wafer.  in areas exposed by
the remor,'al of the gold and Ti layers, was accornplished by
submerging the substrate in a stirred solution of KOH (4 M)
in isopropanol  (  15%by volume) at  60 C for approximatelv
30 min  ( f igure  4(d) )  !0 .271.  Aqua reg ia  ( l :1  HNO: /HCl )
',1'as then used to dissolve the remaininc sold laver (used
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Figure 2. Microcontact printing (trCP) using an elastomeric stamp' and alkaneth ol Ink formed patterned SAMS on gold: the
pattern of the SAI\.4S formed by /rCP corresponded to the features of the masters used to casl the elastomeric stamps (a), (b)
Scanning electron micrographs of masters used to cast elastomeric stamps Standard ithoqraphrc techniques were used to
fabricate the masters. The relief in the features of the masters was between 0 8-l 5 r, ir. c). (d) Scanning electron
micrographs of patterned SAMS lormed by pCP with stamps cast from maslers n ia. bi. Mrcroconlact printing with
CHs(CHz )rsSH (l ight regions) formed the init ial pattern: washing the surface with HOi CHr r. , SH idark reg ons) forrned SA[.4s
(terminated by OH) on gold not derivatized by the i,CP step.

p rcv ious l r  i r \  i r  r c \ i \ 1  l o r '  \ r  c t ch rns .  l i gu r r '  - l t c ) ) .  \ \ ' a sh in_g

r i ' i t h  i t  I o r ,  : t ) i L r l r ( ) n  ( ) 1  l l [ :  r c rno rcd  t hc  
" l - iO1  

l ay ' e r .  Thc '

resu l t ing s l r r l r . ' l i , r i ' c \  ( )1  Sr  had t ia t r r rcs  u  i t l t  sLrb- t .n ic ro t .neter

d i r nens rons  (  i r cu rc  -+ (  l j  ) .  S rna l l  r  i r na t i ons  i r r  e t ch ing  t i n r cs

resu l t cc i  r n  . l r g l r t l l  t l r l ' t c r cn t  l ca tL r r cs .

2 .5 .  Pat terned S{ \ ls  f t r rmed bv p ,CP organized

spat ia l l r '  l iqu ids on a go ld  sur f 'ace 18.  15,  16.28-301

Microcontact  pnntnr r . l  l . r rgpxrgc l  pat tenred SAMs wi th  rve l l

dc f incc l  hrdnrphobic  ar rd  hvc l rophi l ic  rc ,s ions.  c rcat ing a

pa t t e rn  i n  t l r c  nc t t a t ' r r l r t r  o t ' t hc  su r fhcc .  Wc  c rp lo i t cd  t h i s

pat tenr  in  thc  uc- t tah i l r t r  o f  thc  sur face to  fbr rn  ar rays o f

l i qL r i ds  o r s r rn i zc r l  on  t l t c  7 r  n r  sca l c .

F igu rc  5 (u )  shon :  l  SF \ l  i r nagc  o f  a  pa t t e rned  SAM

fornrec i  br '  7r (  P r i  i t i r  rcgrons tcrnr inated b1 COOH (darker .

h r , ' d roph i l i c  t  o r  ( ' i l ,  ( l i gh t c ' r .  h rd rophob i c ) .  When  the

tempcraturc  o l '  thc-  :Lr r lacc \ \  as  l r tn  crcd.  c l rop le ts  o f  water

condcns r ' c i  : c l ce  t r r  c ' l r  ( ) n  t hc  hvc l roph i l i c  r eg ions  !  6 ,28 ] .

Thcsc 'conc l t :ns l f  i r rn  t jgures '  pror  ided an image of  the

pat terncd S ' \ \ {  sur tacc [ ]8 ]  Condensat ion f igures on

pat terned S.A\1s r i lso  actcd as opt ica l  d i f f rac t ion grat ings:

fo l lo ' , r rng f i l rmat ion o l 'a  condc-nsat ion f igure,  the l ight

f r o m  a  l l e : \ c  l a s e r  ( r . : 6 3 1 . 8  n n r .  I  n r W )  r e f l e c t e d  o f f

the sur face gr \ rng a d i f  t rac t ion pat tcrn  ( inset .  f igure 5(a) )

I i6 ]  The pat terncd S. , \ \1  in  f igure 5(a)  had a la t t ice

of  srna l l  t ' ca tLr r r 's  u  i th  smal l  spac ing and a la t t ice  o f

larger f-eaturcs r i  i th large'r spacing. Tl, l 'o periodicit ies

corresDonding to  thcsc c l i f fe rcnt  la t t ices were ev ident  in
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Figure 3.  Microcontact  pr int ing and wet-chemical  etchrng
produced microstructures of  gold.  (a,  b)  SEM images of
microstructures of  gold fabr icated by l rCP with
CH:(CHz ) ,sSH on a 2000 A-thick gold surface and etchrng
with a CN /2M KOH solut ion.  L ight areas of  the image
corresponded to gold not removed by the CN etch: the
patterned SAMs protected these regions of  gold.  Dark areas
of the image corresponded to regions of  the sample where
the etch removed gold not protected by SAMs (c)  SEM
image showing a f racture prof i le of  gold l ines fabrrcated by
l rCP and chemica l  e tch ing .  The w id th  o f  the  go ld  l ines  is
2 1tm, and the thickness of  the gold is -  2000 A. (d) SEM
image of  200 nm wide gold l ines wi th 200 nm wide spacing
fabr icated by TiCP and etching. Features on scales of  '1 

7rm
are produced easi ly through l rCP by hand; 200 nm features
such as those shown in (d) are the smal lest  features
fabr icated to date by pCP and are not achieved rout inely.

the diflraction pattern. Quantitati\/e rneasurelrcnts of the

intensities of the drff iaction spots nreasured the tirrrt---

evolution of conderlsation figures fbrmed ()n patterned

SAMs. Since the condi t ions ( ternperature.  hurnrdi t .v")  o1-the

surrounding environment influenced directly the evolution

of a condensat ion f igure.  thrs type of  analysis produced a

s imp le  hurn id i ty  sensor  [16 ] .
Passing patterned SAMs through an interface betueen

\vater and an irnmiscible hvdrocarbon fluid firnred droplets

of hydrocarbon localized on hydrophobic regit-rr"rs ot' the

surface 112,29.30].  Figure 5(b) shou's drops of  heradecane

organized on hydrophobic regions of a SAM terminated

by CHr (l ighter, inset f igurc 5(b)) and COOFI (darker.

inset f igure 5(b)). The shape of these drops rellected the

shape of the hydrophobic regions in the pattcrned SAM

surface. We formed permanent structurcs using a UV-

curable opt ical-qual i ty polyurethane (NOA 60. 'Nor land')

as the hydrocarbon liquid. These polyr.rrethane structLlres

acted as microlens arrays (figure 5(c)) [ 2.29].

l ' l c h  S i  r r i l h  K ( ) l l
r r s ing  go ld  a r  l ' cs i s l

I  l { , . , 0 , , , r c ' l i  q i l l r  I I } : :

l  r " n , , , r c  q o l r l  r r i l l t

t  r t q t t a  l t ' t 1 i i t  t .  - n r -  - t 4 , *

e )
t-F{

F i g u r e  4 .  l t r l  r c : r l i , l i i I i ( i i . ' ' l r I r 1 i ' i r , : l  a r r c  w € i - a . . i l e r n I C a i  e t c h I n g

f O f m e O  $ r  ' - ; r i . ' ! , r ! , i '  ; , . ' . , ' | . S  v l i i -  I  , ; r l -  f e a i t l r e s .  i a l
M i c r o c o r t i a C t  i . r r r ' r '  ' t i ;  ! . r '  I ' r  O r l  a H  ,  , . S H  i o l n e c l  D a t t e r n e d

S A M s  o n  a  1 , r | ;  A  1 l ' r , c r  q o r c '  s u r l a c e  i h e  q o l d  s u r f a c e  w a s

deposr tec  oy  i ' c r ^1 ro -  L l i i a rT r  evapora t lon  o r  a  s ' i 100 ]  wa fe r .

w r t h  1 1 - r  A  f  i  a s  a , r  a d h e s t o n  p r o m o t e r .  r b r  l m m e r s i n g

t h e  s a m p l e  , r -  a  [ r a s ' c  C N  s o l u t t o n  f o r  a p p r o x t m a l e l y  1 5  m t n

removed the  qo tc  f  rn r  t r i  reg tons  no t  der rva t rzec  by  SAMs.
(c )  SEM rmaqe o f  a  pa t te rned SAM go ld  fo r rned oy  r iCP w i th
CHTTCH:  r . .SH and e tched se lec t ive ly .  Darx  regrons  rn  the
rmage cor responded to  regrons  unpro tec ted  by  SAMs and
etched away to  expose the  ur tder ly rng  S i :  l rgh t  reg lons  rn  th is
image cor resoonded io  go ld  der rva t ized  wr th  SAMs and
n r n t p c t p r - i  c l r r r r n n  c t c l . , n n  r c i  r  G n l c l  q t r r  r n t r  t r o c  f n n - r o r l  h r 7  , i  Q pv r v ( v v L U V  v u :  r I v  \ / r v '  , v .  ' u

and e tch ing  were  res ts ts  fo r  anrso t roprc  e tch ing  o f  Sr .
Submerg ing  the  subs t ra tes  in  a  s t i r red  so lu t ron  o f  KOH (4  M)
rn  isopropano l  t  15% by  vo lume)  a t  60  C fo r  -  15  min  e tched
an iso t roprca l l y  Sr  no t  o ro tec ted  by  qo ld  (e )  The remarnrng
go ld  layer  was removed wr th  aqua regra  ( .1  .1  HNOT.HCI) :  the
T i  layer  was removed by  wash ing  w i th  a  1% HF so lu t ion^  ( f )
SEM image o f  Sr  mrcros t ruc tures  fo rmed by  e tch ing  the
sample  in  i c )  The SE[ /  rmaqes in  (c )  and f f )  were  ob ta ined
with the sa.nole t r l ted by approxrmately 70 to improve
imagrng o f  the  sur face  re l ie f  o f  the  sample  The t r l t  o f  the
sample distorts the rmage the rectangular patterns in (c)
and t f  t  wou ld  appear  as  squares  r f  the  sample  were  no t  t i l ted .

2.6.  Patterncd SA\ ls u ' i th regions of  d i f ferent
wettabi l ih directed the format ion of  microcrvstals and
microcn'stal  arrar s l t l  I

We dcmon:tmtct i  thc pr i r rc ip lc of  pat terr ted cr1 'stal l izat ion
bv producing i in arrar ol 'drople ' ts that  contained dissolved
sa l ts .  and c r rs t l l l i z ing  thcsc  sa i ts  b \  evapora t ion  o f  the
droplets.  \ l rcr t rcorr tact  pnntrng lbrnred pattcrnecl  SAMs
w' i th  reg ions  tc rn t r r ta tcd  br  h rdrophr l i c  (COOt l  )  and
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Figure 5.  Patterned SAMs formed by pCP organized l iquids
into s imple three-dimensional  structures:  the soat ia l
arrangement of these structures on the surface reflected the
pattern in the wettabil ity of the surface. (a) SEM image of a
patterned SAM formed by pCP. Dark regions corresponded
to SAMs terminated by COOH: l ight  regions corresponded
to SAMs terminated by CH3. Drops of  water condensed
select ively on the hydrophi l ic  (COOH terminated) regions of
the sample:  these 'condensat ion f igures'acted as opt ical
diffraction gratings when a He:Ne laser reflected off the
surface (inset). (b) Drops of hexadecane formed on a
patterned SAM with spatial arrangement and shapes
corresponding to the pattern of  the SAM. The inset in (b)
shows an SEM image of the patterned SAM used to
assemble these hexadecane drops: dark regions
corresponded to SAMs terminated by COOH and light
regions corresponded to SAMs terminated by CH3. (c)
Polyurethane structures, similar to the hexadecane drops
shown in (b),  assembled on a patterned SAM on transparent
gold, acted as microlenses. The array of these structures
showed lensing properties; three plates correspond to the
images focused at  (0) ,  above (+10 pm),  and below
( -10  pm)  the  foca l  p lane.

hydrophobic (CH:) groups. By slowly withdrawing these
patterned surfaces lrom aqueous solutions of inorganic
salts, l iquids containing the salts organized on hydrophobic
regions of the pattern: by varying the pattern in the
wettabil ity of the surface (l ines. circles, etc) we controlled
the structures of the l iquids on the surface (microtubules,
microdrops, etc).

Figure 6 shows the procedure for producing microcrys-
tals and microcrystal arrays, and shows an image (obtained
by lateral force microscopy [31] (LFM)) of a represenra-
t ive sample.  Microcontact  pr int ing wi th CH:(CH:)rsSH
formed the initial hydrophobic pattern (dark crosses in LFIV{
image \aD; washing with HOOC(CH2)15SH formed a hy-
drophil ic SAM on regions of the gold not derivatized by the
piCP step (light ovals with channels in LFM image l24l).
This sample was withdrawn slowly (less than 2 cm s-l)
from a I M CuSOa solution, forming an array of micro-
droplets containing dissolved CuSO+. Evaporation of these
droplets at room temperature (27 "C) and ambient humidity
(- 4M0oA) formed a periodic array of CuSOa microcrys-
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Figure 6.  Patterned SAMs formed by l rCP directed spat ia l ly
the deposi t ion of  inorganic sol ids on a SAM surface, forming
microcrystals and microcrystal arrays. Microcontact printing
wi th  CH3(CHz) rsSH and wash ing  w i th  HOOC(CHz) rsSH
formed a patterned SAM with regions terminated by CH3
(hydrophobic,  dark crosses in LFM image) or COOH
(hydrophi l ic ,  l ight  ovals wi th channels in LFM image).
Withdrawing the sample s lowly f rom a di lute (1 M) solut ion of
CuSO+ organized microdroplets of  water containing
dissolved CuSOa on the patterned surface. Evaporation of
these droplets formed an array of CuSOa microcrystals.
lmaging this sample by lateral  force microscopy (LFM)
revealed contrast between regions of the SAM terminated by
CH3 (dark) or COOH ( l ight)  and between the CuSO+ and the
SAM surface. Indiv idual  microcrystals had a diameter of
- '1 

/rm and height of - 250 nm (measured by atomic force
microscopy (AFM)).

tals on the surface. The CuSOa crystals were localized
approximately in the center of the hydrophil ic regions: ev-
idently, the droplets withdrew from the edges of the hy-
drophobic regions (during evaporation) before the CuSO+
deposited. The crystals in figure 6 were - | pm in diam-
eter and - 250 nm high (relative to the plane of the SAM)
by AFM [32]. Reducing the concentration of the CuSO+
solution reduced the size of the crystals: a 0.1 M solution
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of CuSO+ produced 0.5 pr.m-diameter CuSO+ crystals in an
extended (several mm) patterned array [32]. Using a similar
procedure, we formed patterns of microcrystals with other

salts (KI, LiCIO+, K:Fe(CN):) [8]. For these salts, changes

in the temperature and relative humidity of the environment

during evaporation resulted in crystals with different shapes
and morphologies [8].

3. Conclusions

Microcontact printing, which uses a patterned elastomeric

stamp to deliver alkanethiols to a gold surface, is

at present the most flexible technique for forming
patterned SAMs of alkanethiolates on gold. Although the

technique is experimentally simple--with the exception

of the photolithographic processing of the masters, the

experiments described in this paper were conducted

in a conventional chemical laboratory-patterned SAMs

with complex features having micrometer dimensions are

produced routinely.
We have described several applications for pCP in the

area of microfabrication. The capacity to form patterned

SAMs, and the ability of SAMs to act as nm resists against

selected wet-chemical etchants, allowed the formation of

microstructures of gold and Si [7,8, 10, 11]. The abil ity

to pattern the wettability of surfaces by pCP allowed for

the organization of liquids on gold surfaces: applications

included condensation figures of water [16], microlenses

and microlens arrays formed from organic liquids 112,291,
and pattemed arrays of microcrystals [32].
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