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Previous work in our laboratory has demonstrated covalent Scheme 1. Stepwise Attachment of Carbon Nanotubes to Silicon

attachment of arenes via aryldiazonium salts to Si (hydride- via 1

passivated single crystal or poly Sil110or 1000 p-doped, R ke

n-doped, or intrinsic), GaAs, and Pd surfaéds.the case of Si, ‘

this provides a direct arereSi bond with no intervening oxide. S'!* S'!* ] )\/\

We also reported on the use of aryldiazonium salts for the direct “'”t I 1 ONO
_S 111 —

covalent linkage of arenes to single wall carbon nanotubes (SWNTSs) ) ON NO;

where the nanotubes can exist either as bundles or as individual |
structure3? (when surfactant-wrapped). Here, we merge these two ®
concepts for the covalent attachment of individualized (unroped) Si, Si,

SWNTs to Si surfaces via orthogonally functionalized oligo-
(phenylene ethynylene) (OPE) aryldiazonium s&it8. To our I DT,
knowledge, this is the first report of a procedure to covalently attach i QLA
SWNTSs to a silicon surface that does not require a CVD growth :
process. In addition to functioning as the linker units, OPEs and I
related conjugated molecules can serve as electronically active
moieties in sensor and device embodimétitdence, the union of
easily patterned silicon with the often hard-to-affix nanotubes can
provide a critical interface methodology for electronic and sensor ‘

arrays. Sto, Sl il

Chemical orthogonality provides chemoselection for dual substrate/
nanotube attachment, while OPEs provide a rigid structure to
minimize molecular looping upon surfaces. The target OPE anq,w-bisdiazonium salt OPE were unsuccessful due to the rapid
molecules contain a diazonium salt on one end and an aniline moiety|oss of the terminal diazonium moiety during the silicon asserhbly.
on the other end (Figure 1). This design allows for selective  |n a typical experiment, the diazonium saltdf 2) in anhydrous

R
_ _ R |—®—NH 1) +BUONO, BF3 Ot | N,N‘N\_
HoN - — N2 BFy 2 2) HNEL, KoCOs, 74% < >
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SWNT/SDS
pH 10

1, R=NO, _
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Figure 1. Oligo(phenylene ethynylene)sand2 used to covalently attach |~© — g PPz Cul, 79% H2N—@ = e =
SWNTs to silicon. 2) KCOs, 92% = n

NO, Vo
. . . . . . 3 NN

assembly via the first diazonium salt onto a hydride-passivated e HZNN B
silicon surface followed by diazotization of the aniline using an Cul, 53% 5

alkyl nitrite. Once formed, the new diazonium salt, covalently bound

to the Si surface, will react with an aqueous solution of individual- CHzCN (2.0 mM) was exposed to a hydride passivated siliddri]

ized sodium dodecyl sulfate (SDS)-wrapped SWNTSWNT/ surface according to our previous repgoim a nitrogen-filled

SDS), resulting in covalent attachment of the SWNT@the silicon glovebox for the desired reaction time (vide infra). Following

surface using the OPEs (Scheme 1). monolayer assembly, the substrate was removed from the glovebox
The key to developing an orthogonal attachment chemistry was and placed in a 0.3 M solution of isoamylnitrite in gEN for 5

the formation of a diazonium species with a latent diazonium salt min to diazotize the terminal aniline (Scheme 1). The substrate was

at the other end. Aru-dialkyltriazenylw-aniline proved to be then removed and immediately immersed in an aqueous SWNT/

efficacious upon the demonstration that the triazene could be SDS suspensiéh(0.7 M) at pH 10 for 24 h. The SWNT remained

converted to a diazo spectésithout affecting the aniline. The  predominantly as individualized SWNTs rather than in bundles.

synthesis of the mononitro compourdis shown in eq 1, and Following nanotube attachment, the substrate was removed, rinsed

compound2 was similarly synthesized (see Supporting Informa- with water and CHCN, and dried with a stream of nitrogen to

tion). Indeed, the triazene moiety @&was readily converted to  afford the desired structure (Scheme 1).

the diazonium salt upon treatment with HBRvhile the aniline Molecular attachment to the silicon substrate was analyzed using

remained intact, the latter thereby serving as a masked diazoniumellipsometry (Table 1). Monolayer formation fdr reached the

salt ready for generation after surface attachment. Attempts to usetheoretical height after 1 h. However, monolayer thicknesse2 for
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Table 1. Calculated and Observed Thicknesses of 1 and 2 on lable by varying the SDS/SWNT reaction time with the terminal
Sia110 diazonium salt from 3 to 16 h.
Thickness (nm) Control experiments were performed to ensure both the OPE
Molecule found? caled? and diazotization steps were required for SWNT attachment
1 20 19 (Supporting Information). When the OPE was not employed or
2 1.4¢2.1d 1.9 when the second diazotization step was eliminated, there was no

attachment of the SWNTSs to the silicon surface. This leads us to
aValue measured by ellipsometry with 0.2 nm error. All reported conclude that the SWNTs are indeed covalently attathtedthe

values are an average of three measurements for reactions of a 2.0 mM i i in Qi ; i
- ° ; i > : assembled organic molecule via the in situ generated diazonium
solution of diazonium salt in C¥CN.  The theoretical thickness calculated 9 9

by molecular mechanics (not including the aresgicon bond).c Assembly salt. o )
performed inside a nitrogen-filled glovebox for 1 and! 16 It is important to note that when using NOB#o perform the

. ) . diazotization (as opposed to the alkylnitrite) on the assembled
averaged slightly below the theoretical SAM thickness, although monolayer, surface roughening in the form of large peaks and

thicknesses clog,e to the theoretical value were atta_lined by reacting\,a”eys (10-20 nm) was observed and there were no surface-bound
the substrate with a solution @ffor longer time periods. nanotubes.

Figure 2 shows the XPS spectrum of the N1s region of &  the jightly functionalized surface-bound SWNTSs are likely to
retain significant degrees of their electronic and optical properties
since it takes functionalization of ca. 1 in 100 carbons along a
SWNT to even cause a loss of the sensitive UV van Hove
singularitiest> Furthermore, when applied only to the end-segments
of SWNTSs that straddle patterned gap arrays, the active central
portions of the SWNTs will remain unperturbed by the surface
hybridization moieties. Thus, this Shanotube assembly strategy
. . could provide the basis for directing SWNTSs to precise junctions
305 400 405 410 in electronic, optical, and sensor arrays.

Counts {arbitrary units)
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