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Covalent grafting of nanometer thick organic layers to conducting +e
h ; . - o a surface 4 + +N R R
and semiconducting substrates via electrochemically initiated or ) 2 2_©_ T2> 2_©_

spontaneous reduction of aryldiazonium salts (Figure 1a) is a widely
studied procedur&:® Among the many potential applications of

these reactions, some of the most interesting are fabrication of PDMS stamp Vv VvV

molecular electronic systerhsand preparation of biosensing b) V VvV > —

surface$:® To realize such applications, methods for patterning s RS aataation/
ink

modifiers onto the surface are required. We have explored several
approaches for patterning electrografted films on surfaces, first by
nanografting using an atomic force microscope’tiand more

recently using poly(dimethylsiloxane) (PDMS) molds to restrict

solutions to selected areas of the surface. ¢ 20

Although nanografting and use of PDMS molds are relatively 0
straightforward, microcontact printing stands out as a particularly <
simple and fast patterning technigqulicrocontact printing relies ;‘ -20
on transfer of modifier from an elastomer stamp to the surfeiee, o — 4stScan
a spontaneous reaction between the modifier and surface (Figure g U . 2nd Scan
1b). The technique is most frequently applied to the patterning of -60
alkanethiols on gold surfaces; to our knowledge there are no reports
of microcontact printing using diazonium salts. -80 . . . . :
We report here microcontact printing of nitrophenyl (NP), 12 -08 -04 00 04 08
carboxyphenyl (CP), and aminophenyl! (AP) groups on pyrolyzed Potential (SCE) / V

photoresist film (PPFJ through the spontaneous reaction of the Figure 1. (a) Scheme for grafting of phenyl groups via reduction of
corresponding diazonium salt with the substrate. The method is diazonium salt; (b) procedure for microcontact printing; (c) cyclic volta-
demonstrated with modifiers that give useful surfaces (in the case Mmograms, 100 mv'8in 0.10 M H;SQ; of NP printed onto PPF (surface
of NP, after reduction to AP groups) for subsequent amide bond- area= 33 mnt).

formation reactions; these may be employed in the construction of M H,SQy. In this medium, grafting occurred at both surfaces, giving

biosensors, for example. PPF is used as the substrate because "Haximum surface concentrations of electroactive NP groups of ca.
very low surface roughness allows sharper patterns than glassy32 % 10-19 mol cn2 after 30 min reaction at GC and 0 10-10

carbon (GC). . . mol cnr2 after 60 min reaction at PPF. AFM depth profilfdgf
PPF has not previously been used for spontaneous grafting OfNP films grafted to PPF showed a linear relationship between

dlaz_onlum salts af‘d he_nce initial exper_lment_s compared the reaCtIcmsurface concentration of NP groups and film thickness (Supporting
of nitrobenzenediazonium (NBD) cation with GC and PPF. GC

d PPE | . di itrile (ACN) solufi Information), and a surface concentration per monolayer thickness
an samples were immersed in an acetonitrile ( ) solution of NP groups (0.79 nm) of (3.2 0.5) x 10-10 mol cnr2. This

of NBD (1Q mM) for times ranging from 5 to 120 min. T_he surface compares with a value of (2 0.5) 10-10 mol cn12 previously
concentration of NP groups grafted to GC was es“”?a‘ed froM yetermined for an electrochemically grafted NP fiifrsuggesting
integration of the reducgon peak O.f th? grafted Igyer n 0'1_4 M 3 similar film structure after electrochemical and spontaneous
H25Q;, and shl(gwed an |2ncrease W'.th time, reqchlng a mgxmum grafting on PPF. At present, it is not clear why PPF shows a lower
of ca. 32x 10712 mol cn1* after 30 min (S”ppor“”g Information). reactivity than GC toward spontaneous grafting of NBD, nor why
In contrast, no NP groups could be electrochemically detected on PPF shows a lower reactivity toward grafting in ACN and DMF

the PPF surface indicating that the spont_a_neous grafti_ng reactionthan in aqueous acid. We are addressing these questions with further
does not occur at PPF under these conditions. Changing to DMFinvestigations

as the solvent gave qualitatively similar results: grafting of NP The success of the spontaneous reaction of carboxybenzenedia-
groups to GC but not to PPF. zonium (CBD) ion with PPF in 0.144 M #$0, was monitored by

¢ Aqueous ctgndltlfo;s haye beelrt1 us.?g SquIeSSfu”y forhthe Spon'measuring water contact angles and comparing the voltammetry
aneous reaction ot diazonium safts with metal sur ence of the ferricyanide redox probe, before and after reaction. For four

we investigated grafting of NBD (10 mM) to GC and PPF in 0.14 samples, the average water contact angle decreased front (68

t University of Canterbury. 2)° to (45+ 6)° after reaction, and the voltammogram of the redox
*The University of Auckland. probe showed an apparent decrease in electron-transferAfage (

15456 = J. AM. CHEM. SOC. 2007, 129, 15456—15457 10.1021/ja0775321 CCC: $37.00 © 2007 American Chemical Society
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work. These include the procedures for drying the stamp after inking
and applying the stamp to the surface, the concentration of
diazonium salt in the ink and the printing time. With respect to the
latter parameters, the properties of self-assembled monolayers of
alkanethiols formed by microcontact printing on gold surfaces show
a strong dependence on the concentration of the ink, but no
dependence on printing time beyond 0.8 and we expect to find
similar behavior for these films. The use of a more hydrophilic
stamp material will also be explored.

Figure 2. (a,b,e) Optical micrographs of water condensation figures and In summary, we have demonstrated the application of micro-
(c,d,f) SEM images, of PPF patterned with (a,c) NP and (b,d) CP using 1 contact printing to pattern phenyl derivatives on carbon surfaces
M H2SQ; ink; (e) CP using DMF ink; (f) AP printed from its preparation  using PDMS stamps and aqueous and organic solutions of diazo-
solution. nium salts. The method is simple and rapid and has been
demonstrated with three diazonium salt derivatives. Patterns with
line widths of 50um and greater were readily generated. The lower
size limit arose from the poor quality of smaller features on the
The feasibility of covalent grafting to PPF using microcontact SU'E_; master, an_d hence on the stamps. It is expected that hl_gher
printing was first demonstrated using nonpatterned PDMS stamps.qua“ty stamps will allow smaller features to be prlnted.. Extension
of the procedures to metal surfaces should be straightforward;

Prior to use, stamps were solvent-extraéted remove unreacted e . -
monomer and were treated with oxygen plasma immediately prior preliminary experiments have shown promising results for pattern-
: s . -
to printing. Plasma treatment was necessary to promote wetting of "9 gold surfacest I_:utu_re work W.'” seek to OP“”“Z.e the_
the stamps? Stamps were inked in a solution of 20 mM NBD in methodology, establish its scope in terms of diazonium ion
1 M H,SO, and contacted with the PPF surface for 30 min. After derivatives and surfaces that can be printed, and examine in detail
2 .

rinsing, the surface was transferred to 0.10 MSBy in an the quality and properties of printed patterns.

electrochemical cell. The voltammogram of the printed electrode  Acknowledgment. This work was supported by the University
(Figure 1c) shows the expected irreversible reduction of NP groups of Canterbury and the MacDiarmid Institute for Advanced Materials
at ca.—0.6 V and the NHOH/NO couple at ca. 0.3 V vs SCE. and Nanotechnology. D.J.G. and J.L. thank the Tertiary Education
There is no evidence for reduction of diazonium salt physisorbed Commission for doctoral scholarships and Dr. John Loring for use
to the surface, consistent with spontaneous reduction of the of Linkfit curve fitting software.

diazonium cation and grafting of the phenyl radical (Figure 1a)
during printing.

Patterning PPF surfaces with NP and CP groups used a PDM
stamp with a standard test pattern. Stamps were inked for 2 min in
20 mM diazonium saltri 1 M H,SO, and contacted with the PPF
surface for 30 min. Sample blanks were also prepared by inking

stamps m 1 M H,SO,. Printed surfaces were visualized using (1) Allongue, P.; Delamar, M.; Desbat, B.; Fagebaume, O.; Hitmi, R.; Pinson,
. X . . J.; Saveant, J.-MJ. Am. Chem. S0d.997 119 201-207.
scanning electron microscopy (SEM) and by obtaining optical (2) Lud, S. Q.; Steenackers, M.; Jordan, R.; Bruno, P.; Gruen, D. M.; Feulner,

micrographs of water condensation figufe$he condensation P.; Garrido, J. A.; Stutzmann, M. Am. Chem. So@006 128 16884~

. . ) . 16891.
figures of Figure 2a,b) confirm §uccessfu| patter.r?mg of NP and (3) Stewart, M. P.; Maya, F.; Kosynkin, D. V. Dirk, S. M.: Stapleton, J. J.;
CP on the PPF surface. In both images, the modified areas appear McGuiness, C. L.; Allara, D. L.; Tour, J. Ml. Am. Chem. SoQ004

; ; ; 126, 370-378.
darker th_an the bare PPF’. whereas in SEM images (Flgure.Zc_,d) (4) Ranganathan, S.; Steidel, |.; Anariba, F.; McCreery, Rldno Lett2001,
the modified areas appear lighter. Blank samples, prepared by inking 1, 491-494.

the stampn 1 M H,SO, only, show very faint patterns under the (5) lC;;Qil%ré;é_Fl’gsl\gﬂgrquette, C. A; Blum, L. J. Am. Chem. So@005
same instrumental conditions, apparently arising from some residue ) Rudiger, O.; Abad, J. M.; Hatchikian, E. C.; Fernandez, V. M.; De Lacey,

deposition (Supporting Information). A. L. J. Am. Chem. So@005 127, 16008-16009.
; : (7) Brookshy, P. A.; Downard, A. Langmuir2005 21, 1672-1675.
Although NBD ar]d CB!Z) Q|d not graft sp.ontaneOL.Jst to PPF in (8) Downard, A. J.: Garrett, D. 3. Tan, E. S. Gangmuir2006 22, 10739
ACN or DMF solution, printing surfaces with DMF inks of these 10746.

diazonium salts was successful. The condensation figure image of (9) %(% Y. N.; Whitesides, G. MAngew. Chem. Int. EAL99§ 37, 551~

Figure 2e shows CP patterned on PPF using DMF ink. Printing (10) Ranganathan, S.; McCreery, R.Anal. Chem2001, 73, 893-900.
with DMF in the absence of modifier, gave very faint patterns. (11) Adenier, A; Cabet_?egréh E,; Chausggb A Grigeaub S.; Mercier, F.;
: . : P : Pinson, J.; Vautrin-Ul, em. Mater 5 17, 491-501.
An _advantage of using aqueous ink is that prln_tlng can be carrled (12) Brooksby, P. A.; Downard, A. Langmuir 2004 20, 5038-5045.
out directly from the solution in which the diazonium salt is  (13) Lee, J. N.; Park, C.; Whitesides, G. Mnal. Chem22003 75, 6544—
prepared, that is, the salt does not have to be isoltdu 6554. .
. i . . (14) Bhattacharya, S.; Datta, A.; Berg, J. M.; Gangopadhyay, Blicroelec-
demonstrate this approach, aminobenzenediazonium salt was gener-" "~ yomech. Sys2005 14, 590-597.
ated in 0.5 M HCI solutio® and the PDMS stamp was inked in (15) Baranton, S.; Belanger, D. Phys. Chem. B005 109, 24401-24410.

: : : ; (16) Lyskawa, J.; Belanger, IChem. Mater2006 18, 4755-4763.
the preparation solution and printed onto PPF. The SEM micrograph (17) Larsen, N. B.: Biebuyck, H. Delamarche, E.. Michel, 8 Am. Chem.

increased from 0.25 to 1.49 V at= 100 mV s, Supporting
Information), confirming the grafting of a hydrophilic blocking
layer.

Supporting Information Available: Experimental procedures and
Scharacterizations of grafted surfaces. This material is available free of
charge via the Internet at http://pubs.acs.org.
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