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Different methods to create chemically patterned, flat PDMS stamps with two different chemical functionalities
were compared. The best method for making such stamps, functionalizedHiditth, 2H,2H-perfluorodecyltrichlorosilane
(PFDTS) and 3-(aminopropyl)triethoxysilane (APTS), appeared to be full functionalization of a freshly oxidized flat
PDMS stamp with either adsorbate, followed by renewed oxidation through a mask and attachment of the other
adsorbate. These stamps were used to transfer polar inks (a thioether-functionalized dendrimer and a fluorescent dye)
by microcontact printing. The PFDTS monolayer was used as a barrier against ink transfer, while the APTS SAM
areas functioned as an ink reservoir for polar inks. The printing results confirmed the excellent transfer of hydrophilic
inks with these stamps to gold and glass substrates, even from aqueous solutions. Attachment of a fluorescent dye
on the amino-functionalized regions shows the possibility of the further modification of the chemically patterned
stamps for tailoring of the stamps’ properties.

Introduction have been proposed to overcome these problems, such as
. , developing new stamp materiéts?®and composite stampg1:22
In recent years, soft lithography has become a W|despreadt0 avoid stamp collapse during printing, inking with ink p&éls,

technique to chemically pattern various substratés. such, nd utilizing heavvweiahtinks or catalvtic microcontact printin
microcontact printingCP}-2 has triggered enormous interest anau g heavywelg 24250 catalytic microcontactp 9
to overcome ink diffusior§:24

because of its processing advantages in comparison to conven- . .
b g 9 P Currently, the most common stamp material #&P is poly-

tional lithographic techniques. In a typicalP approach, an (dimethylsiloxane) (PDMS). PDMS is a very soft, chemically

elastomeric stamp with a relief structure is brought into intimate linked rubber that easily establish f | contactwith
contact with a substrate to transfer ink molecules from the stampcross' inkedrubper nat easily establisnes conformai contact wi
g substrate and exhibits excellent printing characteristics with

tothesubstrate.Inthecon'[actareas,theinkformsaself-assemblea olar inks. such as alkanethiols. However the elastomeric
monolayer (SAM), which can then be used, for instance, as a E ] tlr f,PIIDJMSi Iso th rli in‘ f Wmv %th most seri :
resist against etching. The lateral dimensions of the SAMs formed charactero S a'sohe origin of Some oTthe most Serious

technical problems. Deformation of the soft polymer stamps due

depend on the dimensions of the relief features on the stamp. It . X ) S >
to nonuniform pressures applied during printing, such as pairing,

is possible to form relief features with lateral dimensions as buckli f coll f struct ders th itabl
small as 50 nm, but the replication of such structures6y uckling, orroot collapse ot structures, renders them unsuitable
for high-resolutionuCP.

remains a challenge1°The main limiting factors of downsizing In principle, a flat stamp can solve many or all stamp stability

the printed patterns are (i) the low mechanical stability of the .
elastomeric stamp, which is prone to collapse and deforma- SSUES: Delamarche et#lhave shown that flat PDMS stamps

tion,*1112and (ii) the absorption of ink in the stamp, promoting cz):(m b?] pi';ltt?rr]ned itr)ny a rc]:qomllzlnr?élonbof surfz;(t:e toﬁliﬁgt't?nnm fatlﬂ
ink diffusion and overload of the surfaé&16 Several solutions ~ ©XY9€N Plasma using a mask and subsequent stabriization otthe
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Scheme 1. Fabrication Strategies of Bifunctional Flat PDMS Stamps: Deposition through a Shadow Mask (A), Grafting on an
APTS Monolayer (B), Two Exposures to Oxygen Plasma with APTS First (C1) and with PFDTS First (C2)
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hydrophilized areas by reaction with a poly(ethylene oxide)- have been used to fabricate flat PDMS stamps functionalized
silane. These stamps have been used for the selective depositiowith APTS and PFDTS. XPS, water contact angle and AFM
and subsequent patterned transfer of proteins from the stampmeasurements have been used to identify the two chemical
surface. In our group, we have introduced the concept of flat, patterns on the PDMS surface. A fluorescent dye was attached
chemically patterned stamps f@€P using regular thiol ink&’ tothe amino-functionalized regions to investigate the possibilities
Stamp functionalization is achieved by local oxidation of a flat of the further modification of such bifunctional stamps. These
piece of PDMS through a mask, followed by adsorption of a PDMS stamps were used to transfer polar inks to gold and glass
fluorinated silane, #,1H,2H,2H-perfluorodecyltrichlorosilane  substrates. The stability of the chemically patterned PDMS stamps
(PFDTS). It was found that this silane forms densely packed was tested by printing with the same stamps after 1 month.
SAMs on oxidized PDMS, which constitutes an effective barrier

forink transfer byuCP. These flat PDMS stamps have been used Results and Discussion

to transfer patterns of alkanethiols to gold. A limitation of these Stamp Fabrication and Surface Characterization. Three

fluorinated silane-modified stamps is that these stamps cannolyigarent methods have been used to make chemically patterned
be used to transfer hydrophilic inks, because polar inks do not 454 ppps stamps functionalized with two absorbates (Scheme
wet the stamp surface. 1). Since most of the organic solvents swell PDMS, APTS and

Here we introduce bifunctional, chemically patterned flat prpTg Were deposited on the stamp surface by vapor-phase
stamps. Besides the fluorinated SAMs, (3-aminopropy!)triethoxy- deposition. X-ray photoelectron spectroscopy (XPS) and water

silane (APTS) was chosen to form the second SAM type on the ¢,ntact angle (CA) measurements were used to monitor the
remaining PDMS areas. It has short alkyl chains and shows high ., amical changes that occur at the stamp surface.

reactivity in silane chemistry, and the primary amino groups |, e first method, PFDTS and APTS were deposited on the
offer the possibility to interact with inks or of further modification PDMS surface using,a shadow mask (Scheme 1A). First, a piece
to achieve different chemical functionalities on the stamp.APTS of flat PDMS was treated with oxygen plasma. Subseduently,
_has, for_ example,_ been us_ed JCP of DNA via electrostatic chemical patterns were generated by reaction of the activated
interactions’® The intermediate hydrophilicity of the APTS layer 5515 with PEDTS from the vapor phase through a contact
(typical advancing water contact angk = 75°) can be mask. In order to prevent the hydrophobic reco%®igf the
advantageous to adsorb polar and apolar inks alike. A bifuntional, oxidized PDMS after the PFDTS deposition, the deposition time
flat stamp design is believed to eliminate diffusion (through the was minimized to 15 min and the annealin’g step was omitted.
strong, specific interaction with the stamp) and overload (SinCe afier removal of the mask, the stamp was immediately transferred
only a monolayer is transferred), therefore leading to improved i e vapor of APTS fo; 30 min. So the two different chemical

resolu'qon of the printed patterns. . . . functionalities were patterned on the flat PDMS surface according
Inthis paper, we demonstrate the formation of the bifunctional, (, {he patterns of the contact mask.

chemically patterned flat PDMS stamps. Three different methods In order to facilitate the characterization by contact angle and
XPS, a model stamp was prepared according to Scheme 1A, by
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Figure 1. Contact mode AFM height (a) and friction (b) images, and the corresponding height profile (¢) and friction loop (d) obtained
at an applied normal load of 15 nN of the bifunctional flat PDMS stamp. The stamp was made by two exposures to oxygen plasma in which
PFDTS was deposited first (see Scheme 1C2).
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covering half of a flat piece of PDMS by a piece of Si wafer as by the large hysteresis between the advancing and receding water
the contact mask, thus generating macroscale pattern areas. Fazontact angles¥40°) of this SAM. Apparently, this also leads
comparison, full layers of PFDTS and APTS were deposited on to a poor-quality PFDTS SAM on top of the APTS SAM. Different
different PDMS slabs. CA measurements were performed to attempts were made to improve the quality of the fluorinated
determine the hydrophilicity of the stamp surface. Results are layer, for example, by increase of the annealing time of the bottom
summarized in Table 1. APTS layer and extension of the PFDTS grafting reaction time.
The full PFDTS layer on PDMS had a typical advancing contact However, the quality of the patterns did not improve much,
angle @) value of 120. In contrast, the CA value of the PFDTS  according to AFM.
layer on the model stamp made by method A was lowgr< As outlined in Scheme 1C, chemically patterned PDMS stamps
110°). XPS also showed that the fluorine content of the PFDTS can also be fabricated via full SAM formation and oxidation
layer on the patterned stamp was lower than on the full substrate through a mask to simultaneously remove the first SAM locally
and some APTS was deposited withinthe PFDTS layer, as shownand reactivate the PDMS, followed by attachment of the second
by the nitrogen contentin the PDFTS layer. These results indicatesilane. Thus, the amino silane can be attached first, followed by
that the PFDTS did not form a densely packed layer without the fluorinated silane (Scheme 1C1), orinreverse order (Scheme
annealing and thus resulted in the deposition of APTS everywhere1C2). It has been reported that prolonged exposure to oxygen
on the stamp surface. plasma can lead to physical damage of the PDMS surface,
The second method (Scheme 1B) employs the possibilities to producing “cracks” or other microstructur&slo our knowledge,
attach silanes onto an amino-coated surface. Amino groups ofno studies have been reported so far on using oxygen plasma
APTS SAMs on silicon react readily with chlorodimethylsilane twice on PDMS. Thus, the conditions for the second plasma-
from the vapor phas®.Probably the surface-bound amine has etching were optimized to ensure complete removal of the first
a low steric hindrance during thig3 reaction. Here we target  silane monolayer while a smooth PDMS surface was maintained
the grafting of PFDTS onto a full APTS SAM through a shadow (see Supporting Information). The best conditions were found
mask. First, a full layer of APTS was deposited on the oxidized with an oxygen plasma (10 W, 10 mTorr og)Qreatment for
flat PDMS surface by vapor-phase deposition. Then the chemical 20 s.
patterns were generated by exposure to PFEDTS vapor for 20 min - XPS and CA measurements of the macropatterned model
through a contact mask. The stamp was annealed aC&or stamps made via method C are summarized in Table 1. Both CA
3 h to complete the coupling reaction. values and XPS results show a clear difference between the
XPS and CA measurements of the macropatterned model stampAPTS- and PFDTS-functionalized regions on the model stamp.
made by this grafting method are summarized in Table 1. Both The data also compare well with the full layers of APTS and
CA values and XPS data compare well with the full layers of PFDTS on flat PDMS.
APTS and PFDTS on flat PDMS. However, when using AFM Figure 1 shows the AFM height and friction images obtained
to inspect the SAMs on the stamp surface, the patterns were notfor a chemically functionalized, submicron-patterned stamp made
well defined (see Supporting Information). This is attributed to by using oxygen plasma twice and deposition of PFDTS first
a rather poor quality of the full APTS SAM. This was confirmed (Scheme 1C2), using the mask with 350 nm holes. In this case,

(30) Kurth, D. G.; Bein, TLangmuir1993 9, 2965-2973. (31) Owen, M. J.; Smith, P. J. Adhes. Sci. Techndl994 8, 1063-1075.
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Table 1. XPS and Water Contact Angle Data of Flat PDMS
Stamp Surfaces on Full Layers of APTS and PFDTTS and on a) 5(6)'TAM RA-SE
Macropatterned Model Stamps Using the Different Methods Q
Shown in Scheme 1
XPS atomic concentration (%) Ox©-N
04l 0:
samples N1s Fils Cl2p  (deg)
APTS (full) 5.49 0.11 1.76 75137
PEDTS (full) 0.00 2251 0.00 120/105
A APTS 4.95 0.21 1.73 80/45
PFDTS 1.94 8.56 0.36 110/75
B APTS 5.48 1.28 1.55 80/41
PFDTS 4.05 24.26 3.69 120/85
C1 APTS 6.12 0.89 1.28 75140
PFDTS 0.02 21.89 0.13 118/100
C2 APTS 5.18 0.99 1.88 80/42

PFDTS 0.10 19.38 0.02 119/102

APTS is expected inside the dot patterns and PFDTS at the
surroundings. The height image (Figure 1a) clearly shows well-
defined 350 nm dots patterns. A cross-sectional profile (Figure
1c) shows that the dot patterns are 2 nm high. Since the height
difference between a PDFTS and an APTS monolayer is less
than 1 nm, the height difference is attributed to the second oxygen
plasma treatment. However, such a small height is not expected
to influence the contact printing properties. The bright areas in
the friction image (Figure 1b) correspond to regions of high
friction or strong interaction between the AFM tip and the
functional groups on the surface. Combined with the friction
loop (Figure 1d), this shows that these regions of high friction
correspond to the APTS-functionalized areas. Low-friction
regions were at the surroundings, where PFDTS is immobilized.
This is in agreement with previous studies, which showed that
SisN4 AFM tips have higher frictional forces at surfaces with
higher surface energy, here the amino-terminated d&feas.
Moreover, the friction patterns are clearly well defined.

In summary, the modification via exposure to oxygen plasma
two times is the most efficient method to fabricate bifunctional
flat PDMS stamps, and these stamps were therefore used in the
remainder of this study. Their stability was shown to be excellent, 4 um
as printing was reproducible after storing the stamps for 1 month —
(see below).

In order to support the formation of amino groups on the g e 5 Chemical structure of the fluorophore TAMRA-SE (a).
stamp surface, these bifunctional stamps were reacted with therjyorescence microscopy images of the TAMRA patterns on the

fluorescent compound 5-(and-6)-carboxytetramethylrhodamine bifunctional flat PDMS stamps that are fabricated via two exposures
succinimidyl ester [5(6)-TAMRA-SE], of which the succinimidyl  to oxygen plasma with method C1 (b) and method C2 (b) (Scheme
ester group reacts readily with amino groups. The attachment of1)-

TAMRA was achieved by contact printing using an oxidized flat

PDMS stamp, inked with TAMRA-SE, on bifunctional micron- Figure 2 shows the fluorescence microscopy images of the
patterned PDMS stamps made by methods C1 and C2 (Schem&DMS stamps after attachment of TAMRA and excessive rinsing
1). To the best of our knowledge, this is the first example where and sonication. All patterns were made using a shadow mask
reactiveuCP33-3is used to functionalize another PDMS surface. With holes of adiameter of@2m. Itis evident from the fluorescence
images that the 2m features of the shadow mask are reproduced

(32) Wilbur, J. L.; Biebuyck, H. A.; Macdonald, J. C.; Whitesides, G. M. well on the PDMS substrate into amino and subsequently
Langmuir1995 11, 825-831.

(33) Auletta, T.; Dordi, B.; Mulder, A.; Sartori, A.; Onclin, S.; Bruinink, C. fluorescent patterns. The resulting ﬂuorescemTA_MRA remalngd
M.; Peter, M.; Nijhuis, C. A.; Beijleveld, H.; Schonherr, H.; Vancso, G. J.; Casnati, present on the bifunctional PDMS stamps, in spite of extensive

éd; Lz’B%ZrZQRQGE?é?% B. J.; Huskens, J.; Reinhoudt, DANgew. Chem., Int.  rinsing and sonication; thus, any type of adsorption other than
(34) Lahiri, J.; Ostuni, E.; Whitesides, G. Mangmuir1999 15, 2055-2060. covalent immobilization through amide formation is unlikely.
(35) Yan, L.; Zhao, X. M.; Whitesides, G. M. Am. Chem. S0d.998 120, This is also indicated by the fact that TAMRA is absent in the
6179-6180. ;
(36) Basabe-Desmonts, L.; Beld, J.; Zimmerman, R. S.; Hernando, J.; Mela, fluorinated areas. .
P.; Parajo, M. F. G.; van Hulst, N. F.; van den Berg, A.; Reinhoudt, D. N.; The successful patterning of fluorescent molecules on a PDMS
Crego-Calama, MJ. Am. Chem. So@004 126, 7293-7299. : ; : ot
(37) Sullivan, T. P..van Poll, M. L.: Dankers. P. Y. W.. Huck, W. TABgew. surface confirms the formatlop of the two chemically distinct
Chem,, Int. Ed2004 43, 4190-4193. _ _ patterns on the PDMS stamp via exposure to oxygen plasma two
635’38)(55232k'eW'02’ D. I; Ravoo, B. J.; Reinhoudt, D. Mangmuir2005 21, times and it also shows the possibility of further modification

(39) Rozkiewicz, D. I.; Janczewski, D.; Verboom, W.; Ravoo, B. J.; Reinhoudt, of the amino groups on the PDMS surface to tailor the chemical
D. N. Angew. Chem., Int. EQ00§ 45, 5292-5296. design of the stamp surface.
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Chart 1. Chemical Structures of Polar Inks: (a) A
Second-Generation Poly(propylene imine) Dendrimer with a)

Dialkyl Sulfide End Groups (G2-S), and (b) the Fluorophore
Tetramethylrhodamine 5-(and-6)-isothiocyanate (TRITC)

a) e
(o

H S/

o

Figure 3. Optical (a) and scanning electron microscopy (SEM) (b)
images of 2«:m hole patterns and a SEM image (c) of 350 nm hole
patterns of gold by{)uCP of G2-S using bifunctional flat PDMS
stamps and wet etching. Stamps were fabricated according to Scheme
1C2.

Microcontact Printing using Bifunctional Flat PDMS PDMS stamp, prepared according to Scheme 1C2. Thereafter,
Stamps. In order to test the stamps wCP, hydrophilic inks the samples were immersed in an octadecanethiol (ODT) solution
were transferred to gold substrates. A second-generation PPKC = 10~* M in ethanol) for 10 s for back-filling. ODT forms
dendrimer (G2-S, Chart 1) with eight short dialkyl sulfide (SH  an etch-protective SAM on the rest of the surface. After printing
SCH,—) end groups was used as an ink for positive microcontact and back-filling, the gold substrates were etched in an acidic
printing [(+)«CP]4° In this technique, the pattern is transferred solution of 10 mM Fe(NG@)s, 15 mM thiourea, and 1.2% HCI
by printing a poorly etch resistant ink, followed by immersion at45°Cfor2.2 minZ5The dendrimer SAM was not etch-resistant
of the sample in a solution of a second, etch-resistant adsorbateand the gold underneath the dendrimer was etched away to give
which fills the noncontacted areas and acts as a resist in thethe positive pattern of the original shadow mask that was used
subsequent etching step. inthe stamp fabrication. Optical microscopy and scanning electron

In our group, a series of poly(propylene imine) dendrimers Microscopy (SEM) images of etched gold features on a silicon
with dialkyl sulfide end groups was prepared and used as inks wafer are shown in Figure 3. . .
for (+)uCP on golc?® The multivalent sulfide attachment and I Figure 3, the dark areas in the images correspond to the
the relatively high molecular mass of these dendrimers ensuredPrinted parts of G2-S, and the bright areas to the back-filled,
minimal lateral ink spreading and thus optimal feature reproduc- etch-resistant ODT SAM areas. Figure 3a,b shows then2
ibility. Among these dendrimeric inks, the second-generation 9ood-quality gold patterns over a large area without defects.
dendrimer with short dialky! sulfide end groups (G2-S) was too USing stamps made by a shadow mask with a hole diameter of
polar to be printed by conventional PDMS stamps, and also with 350 hm, replication was also achieved (Figure 3c), now leading
oxidized stamps the resolution was poor. to features of about 450 nm. The size enlargement is attributed

This polar dendritic ink (G2-S¢ ~ 2 x 1075 M in ethanol) in part to the steps involving the mask in the stamp fabrication

was printed on a gold surface for 1 min using a bifunctional flat Process and in part to the wet etching of the final structure after
the contact printing process.

(40) Delamarche, E.; Geissler, M.; Wolf, H.. Michel, & Am. Chem. Soc. To show the chemical versatility of the APTS- and PFDTS-
2002 124, 3834-3835. modified stamps using a different irlsubstrate combination,
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stamps to achieve different chemical functionalities on the stamp.
This new stamp design showed a good performance in micro-
contact printing of polar inks (G2-S dendrimer and TRITC dye)
inboth +-)uCP and (-xCP. Printing results of the G2-S dendrimer
using the same stamps after 1 month confirmed the long-term
stability of the chemically functionalized PDMS stamps. Future
developments will be in the chemical modification of the amine
areas for creating specific ink recognition areas.

Experimental Section

Materials and Methods. PFDTS (purity 97%) was purchased
from ABCR GmbH. APTS (purity 99%) and octadecanethiol (ODT,
98% purity) were purchased from Sigma-Aldrich. Fluorophores
TAMRA-SE and TRITC were obtained from Molecular Probes,
Inc. All materials were used as received without further purification.
The second-generation dendrimer G2-S was synthesized according
to a reported proceduf&Microsieves, which consist of a supported

, (v”\ M, o metal membrane permeated with micrometer or sub-micrometer-
| r | } | \ sized pores were used as the masks. Different types of microsieves

|

were purchased from Aquamarijn Micro Filtration B.V., The
r | Netherlands.
| Preparation of Flat PDMS Stamps.The stamp material, Sylgard-
y WoVwy 184 PDMS, was obtained from Dow Corning. Flat PDMS stamps
were prepared by mixing the curing agent and the prepolymer
manually in 1:10 volume ratio and curing overnight af@0against
D 10 20 0 a 5 a polished Si wafer. After curing, the stamps were peeled off from
; the Si wafer.
) qlstance "J,m) Preparation of Oxidized PDMS Stamps.Oxidized flat PDMS
Figure 4. Fluorescence microscopy image aft€P of TRITC on stamps were prepared by exposure of flat PDMS stamps to a
aglass substrate. The bifunctional flat PDMS stamp was inked from pjasmaTherm 790 reactive ion etching oxygen plasma (10 W, 10

an aqueous solution (0.1 mM). Printing time was 2 min. Substrates o ) for 10 s. Oxidized patterns were generated by exposure
were rinsed with water after printing. The patterned stamps were of the PDMS flat surface to the same oxygen plasma through a
made from a shadow mask withi4n holes. microsieve

. . Preparation of Amino-Functionalized PDMS Stamps.APTS
the hydrophilic and fluorescent tetramethylrhodamine 5-(and- 45 geposited for 30 min from its vapor phase onto fully or locally

6)-isothiocyanate (TRITC) was chosen as an easily traceableqxidized PDMS stamps, under reduced pressufe(2—10-3Torr).

ink. A patterned bifunctional stamp with4m dots was made  The adsorbed APTS was assumed to react with the silanol groups
according to Scheme 1C1. The stamp was inked with an agueouspresent on the oxidized PDMS to yield an amino-terminated stamp.
TRITC solution (0.1 mM). Because of its hydrophilicity, TRITC  The reaction was carried out in an oven at 9 for 30 min.

is expected to reside at the amino-functionalized areas. ThereafterPhysisorbed APTS was removed by sonicating the stamp in ethanol
it was transferred to a clean glass substrate. Figure 4 shows thdor 3 min. _

resulting fluorescence patterns, giving direct evidence of transfer | Preparation of Fluorinated PDMS Stamps. PFDTS was

ofthe ink moleculesfromthestamptothesubstrate.Thisindicatesde.'“".)sited for 30 min from its vapor phase onto fully or locally
: . . oxidized PDMS stamps. The stamps were thereafter cured in an
that aqueous ink solutions can also be usedufoP with the oven fa 3 h at 60°C

bifunctional chemically patterned flat stamp. o Attachment of TAMRA onto the Bifunctional Flat PDMS

In order to estimate the stability of the chemlcallyfgnctlonallzed Stamp. The attachment of the fluorophore TAMRA to the
PDMS stampsyCP of G2-S was repeated by reusing the same pifunctional flat PDMS stamp was achieved by putting the
stamps (stored at 20 °C, under nitrogen), after 1 month. Ink  bifunctional PDMS stamp in contact with another oxidized flat PDMS
and etching solutions were freshly prepared. After printing and stamp that had been inked with 0.23 mM acetonitrile solution of
etching, substrates were analyzed by SEM. The resulting gold TAMRA-SE for 2.5 min. After separation of the two PDMS slabs,
patterns (see Supporting Information) were identical to the results the bifunctional flat PDMS stamp was rinsed with excess ethanol
of the experiments shown in Figure 3. This indicates a long-term @nd dried in a nitrogen steam. .
stability of the PFDTS and APTS monolayers on the PDMS (Hgnzg;SIoPnTntEE?\ie?t?elz(rjl as#é)ss)tr:;eas I\gjé? gfb;%nnen? g&rg (;Q’nsii?asnﬁj\r/n
surface. T.hls is in contrast to oxidized PDMS, for which (2nnm) onsilicon. Before use, the substrates were treated with oxygen
hydrophobic recovery occurs after a few hours. plasma, immersed in ethanol for 1 h, rinsed with water (Millipore)
. and ethanol, and dried with nitrogen.

Conclusions The stamps were inked with a few drops of solution of the G2-S

Three different methods have been used to fabricate APTS-in ethanol (10° M) and dried in a steam of nitrogen. After drying
and PFDTS-functionalized flat PDMS stamps. The method using the stamps with nitrogen the stamps were placed manually on the
oxygen plasma twice via full SAM formation and oxidation substrate to achieve the conformal contact between_the stamp and
through a mask to simultaneously remove the first SAM locally the substrate. The stamps were pressed slightly against the gold or
and reactivate the PDMS, followed by attachment of the second glass surface at the initial stage of the printing to induce the formation

X . of conformal contact.
silane, has been proved to be the most efficient method. XPS, An etching solution consisting of 10 mM Fe(N@ 15 mM

water contact angle, and AFM measurements have confirmedihioyrea, and 1.29% HCl was used to etch the dendrimer-printed area

the chemical patterns on the PDMS surface. Attachment of the on gold in (+)uCP. For every experiment the freshly prepared etching
TAMRA fluorescent dye to the amino-functionalized regions solution was kept at 45C in a warm bath for 10 min before the
shows the possibility of further modification of the bifunctional samples were etched. The etching time was 2.2 min.

Intensity
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TRITC Printing. TRITC was printed on glass that was cleaned cantilevers (Nanoprobes, Veeco/Digital Instruments) with a nominal
and activated by submersion in boiling piranha (2:1 mixture of sulfuric spring constant of about 0.32 Nh AFM imaging was performed
acid and hydrogen peroxidEAUTION! Piranha solutions should at ambient conditions.
be handled with great care in open containers in a fume hood.  Fluorescence microscopwas performed using an Olympus

Piranha is highly corrosie and toxic and potentially explas.). inverted research microscope (IX71) equipped with a mercury burner
Stamps were inked by submersion in the solution of TRITC (0.1 (U-RFL-T) as light source and a digital camera (Olympus DP70,
mM) in ultrapure water (resistivity> 18.2 MQ-cm) for 15 min. 12.5 million-pixel cooled digital color camera) for image acquisition.

Prior to printing, they were rinsed briefly with ultrapure water and Red emission light4 > 590 nm) was filtered using a U-MWG
dried in a stream of nitrogen. The glass substrates were contactedOlympus filter cube.
with the TRITC-inked stamps for approximately 2 min.

Measurements Contact anglesvere measured on a Ksa G10 Acknowledgment. The authors gratefully acknowledge
contact angle setup equipped with a CCD camera. Advancing andsypport from the Nanotechnology network in The Netherlands
receding contact angles were determined automatically during growthNanoned (Project No. TMM. 7125). Partial support from the
and reduction of a clean water droplet by the droplet shape analysisEurop(_:‘{Jm FP6 Integrated project NaPa (contract no. NMP4-
routine. _ CT-2003-500120) is also gratefully acknowledged. We are

XPS measuremenire performed ona Quantera Scanning X-ray - gratefy| to Gerard Kip for XPS measurements and to our

mgﬁféﬁ:);ri]g%téuﬂe&t )f(r_?? Zgﬁsri:c:“ Fé?jité?nnicas‘ eﬂ::!ﬁﬁ:g |W it2h5a colleagues Bart Jan Ravoo, Xuemei Li, Christiaan M. Bruinink,
y P g app y Dorota Rozkiewicz, and Huaping Xu for their help.
W of X-ray power. XPS data were collected from a surface area of

1000 pmx 300 pm with a pass energy of 224 eV and a step energy . . . )
of 0.8 eV for survey scans and 0.25 eV for element scans with an Supporting Information Available: Water contactangle results

equal number of sweep for all elements. Spectra were referencedand AFM images of the PFDTS-modified PDMS surface after the second
to the main C 1s peak set at 284.0 eV exposure to oxygen plasma, SEM image of the gold patterns printed by

AFM analysesvere carried out with a NanoScope (Veeco/Digital bifunctional flat PDMS stamps that has been kept for 1 month. This
Instruments, Santa Barbara, CA) Multimode Atomic Force Micro- material is available free of charge via the Internet at http://pubs.acs.org.
scope equipped with a J-scanner, in contact mode by usihy Si LA702975Q



