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We report on the use of patterned superhydrophobic silicon nanowire surfaces for the efficient, selective transfer
of biological molecules and nanoparticles. Superhydrophilic patterns are prepared on superhydrophobic silicon nanowire
surfaces using standard optical lithography. The resulting water-repellent surface allows material transfer and physisorption
to the superhydrophilic islands upon exposure to an agueous solution containing peptides, proteins, or nanopatrticles.

The study of wetting properties on superhydrophobic surfaces in the wetting properties has previously been used to direct
is crucial for potential applications including hydrophobic polymers selectively to hydrophilic regions of patterned super-
interactions, microfluidic devices, and self-cleaning surfdcés.  hydrophobic surface's.

Superhydrophobic surfaces display a water advancing contact |n this letter, we show that superhydrophilic regions obtained
angle higher than 150with low hysteresis. A microdroplet  through the photolithographic patterning of superhydrophobic
deposited on a superhydrophobic surface attains a quasi-sphericabiNws allow easy, fast, and selective transfer of peptides, proteins,
shape and accordingly reduces the contact area between the dropleind gold nanoparticles.

and the solid substrate. The reduced contact area between a The silicon nanowires (SINWs) investigated in this study were
superhydrophobic surface and water will have a significantimpact prepared by the chemical etchiid® of crystalline silicon in

on the interfacial chemical and biochemical reactions. We have AgNOs/HF aqueous solution or using the vapdiguid—solid
recently shown that reversible electrowetting can be achieved ON(VLS)*1617growth mechanism, according to previously published
superhydrophobic silicon nanowirésThe result opens new  \york. Figure 1A displays a top-view scanning electron microscopy
opportunities for potential applications in the field of lab-on-  (SEM)image of the nanowires synthesized by silicon dissolution
ch_|p ant_JI _parncylarly in the preparation of highly functional in AQNOy/HF solution!415The nanowire diameter is in the range
microfluidic devices: of 20—80 nm, as evidenced by the cross-sectional SEM view

Patterned surfaces with different wetting properties are useful (Figure 1B). The as-prepared SiNWSs, after exposure to the
for the study and manipulation of biomolecleand in the  atmosphere, are covered with a thin silicon oxide layer that confers
fabrication of microfluidic channelSSurface patterning hasbeen  superhydrophilic character to the surface. A water contact angle
achieved using several means: microcontact printing, photoli- of <5° was measured for such a surface. Chemical modification
thography, and scanning probfEshe difference in the contact  of the surface with octadecyltrichlorosilane (OTS) led to the
angle between the patterns is, however, smaller thajvétich formation of a superhydrophobic surface with a contact angle
may limit practical applications of the hydrophiticiydrophobic  of 16¢° with low hysteresis (6-2°) (inset in Figure 1B}819The
patterns. To date, there have been only afew reports on patternedurface roughness combined with the low surface energy induced
superhydrophobiesuperhydrophilic surfacé€s!3 The contrast  py the surface modification ensured air trapping between the
substrate and the liquid droplets, which is necessary to achieve
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Figure 1. Top view (A) and cross-section (B) SEM images of the (B)
silicon nanowire substrate. The insetin B is the static water contact Figure 2. Optical images of superhydrophobic (top) and super-
angle of the chemically modified SiNW surface with OTS. hydrophilic (bottom) silicon nanowire substrates in contact with

water (A) and liquid droplets transferred onto superhydrophilic islands
on the patterned SiINW surface (B).

substrate covered with a thin oxide layer displays superhydrophilic
character with a contact angle 86°. The surface is completely This property was further exploited to transfer other molecules
wetted upon immersion in a water bath (Figure 2A, bottom such as short peptides, proteins, and nanoparticles. To test the
substrate). However, upon chemical derivatization of the substratestrategy, the patterned surface was exposed to an agueous solution
with OTS molecules, the SiINW surface becomes water-repellentof rhodamine-labeled streptadivin (16108 M) for 30 min at
and floats on the water surface (Figure 2A, top substrate).  room temperature. After drying in air, fluorescence analysis

The patterned surface investigated in this study consists of clearly indicates the successful transfer of the protein in the
hydrophilic patterns between 1Qom and 1 mm in diameter  hydrophilic regions (Figure 3% The fluorescence signal is
obtained through optical lithograpB§ Figure 2B exhibits an ~ observed in all patterns down to 1@th. Moreover, there is no
optical image of the patterned superhydrophobic SiNW surface evidence of any protein adsorption on the superhydrophobic
(SINW—OTS/SiQ) in contact with water. The droplets are self-  surface. In a similar way, a short peptide labeled with rhodamine
confined in the hydrophilic areas. (Arg-Lys-rhodamine) was transferred after only 5 min of exposure
of the patterned surface to an aqueous solution of the peptide

(20) Hydrophilic apertures between 0@ and 1 mm in diameter were obtained (10~ M) (data not shown).
O Pl g ebclee e, Furthermore, the transfer of gold nanoparticles with a mean
backed at 116C for 2 min to remove excess solvent. The thickness of the coated average diameter of 20 nm was achieved using the patterned
If_ilmh;sfigr~33 sﬂg:r (gjptrilcgl C\/\r/]rri(t)irr:guvr\;as S:rrtr;eg] ;J;JIE b%%ngﬁgrﬁe ?L g;etrrz?]ii;ito U(;/, superhydrophobic SiNW substrate. Figure 4A displays an SEM
A!\gZ451 revelationgsolution for 400qs, thoroughl.y rinsed inpdeionized watglf,)eanén Image ofthe resultlng surface after exposure to anaqueous solution
dried in a flow of nitrogen. Removal of the OTS molecules was achieved using

an O, plasma etch for 30 s. Finally, the resist was removed with acetone, and the  (21) Array imaging was performed using the Cy3 channel of an Affymetrix
sample was further cleaned in acetone, isopropyl alcohol, and deionized water.418 array scanner at a resolution of 4.
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Figure 3. Fluorescence image of transferred rhodamine-labeled
streptavidin onto Si@patterns.

of gold nanoparticles fdl h atroom temperature. A high-density
distribution of nanoparticles on the surface was observed. In this
case, the patterns were modified with aminopropyltriethoxy-
silane? to favor electrostatic interactions of the Mkerminal
groups and the gold colloid. An examination of a single nanowire J
within the pattern shows that the nanoparticles are homogeneously zogm EHT= 150k  SanalA=SE2 Signal=06308 WD= 4mm
distributed on the nanowire (Figure 4B). e M = ST A TR SRR DA Mo O ST o
In conclusion, a simple method for biomolecule and nano-
particle transfer using a patterned superhydrophobic surface is (B)
demonstrated. The method is based on the difference inthe wettingrigure 4. SEM images of 20-nm-diameter gold nanoparticles
properties (superhydrophilic/superhydrophobic) of the substrate. transferred onto NiHterminated regions (A) and a single nanowire
The material transport is believed to be limited by the diffusion coated with nanoparticles (B).
of molecules to the patterned islands. The technique developed
in this work holds promise for single-cell transfer and patterning, ~ Acknowledgment. We thank Mr. Ludovic Huot (Plateforme
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